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Abstract

A highly sensitive spectrophotometric procedure for the estimation of lanthanum in aqueous medium has been established. The method
was involved the reaction of lanthanum with bromopyrogallol as chelating agent in the presence of cetylpyridinium chloride at pH4.61 to
produce a soluble blue colour ternary complex exhibited maximum absorption at 661nm. The method adheres to Beer's low over the
concentration range 0.125 —5.0 pug/ml with coefficient determination (r2= 0.9987). The molar absorptivity(€) of the ternary complex (La(IIT)-
BPR-CPC) is 5.39x104 M-1cm-1 which corresponds to Sandell's sensitivity index of 0.00258 pg.cm-2. The stoichiometric composition of
the ternary complex was estimated and found to be (1:2:4) (La:BPR:CPC), respectively. The values of detection limit (DL) and quantitation
limit (QL) were calculated and found to be 0.0630 and 0.0817 pg.ml-1, respectively. A recovery% was found in the range 95.3% to 103.5%,
while the precision (RSD) was estimated in the range 0.126 to 1.705. The proposed procedure has been applied successfully for the
determination of lanthanum in natural waters and urine sample.
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INTRODUCTION

Lanthanum (La) is an important element of rare earth group. La is a silvery-white metallic element . It is present in nature
together with Ce in the monazite sands and minerals [1]. La is used as additives in glass , carbon arc lamps for studio lights ,
torches and projectors. It is useful in the manufacturing of expensive lenses for telescope and camera as it imparts high refractive
index to the glass. It was added in the manufacturing of steel to improve its properties like ductility and malleability [2] . High
purity La is used as catalyst in nuclear and in automobile industries [3]. An excessive amount of La in soil acted as pollutants
.It can cause biological concentration , environmental enrichment, and accumulation in the liver [4]. Several analytical methods
have been reported for the determination of La.

These methods involve: capillary electrophoresis coupled with UV-Vis detection [5], inductively coupled plasma-optical
emission spectroscopy (ICP-OES) [6], inductively coupled plasma- mass spectroscopy (ICP-MS) [7], inductively coupled
plasma-atomic emission spectrometry (ICP-AES) [8], potentiometry [9], cloud point extraction(CPE) [10] differential pulse
polarography [11]and new design optical sensor [12]. However, most of these analytical methods require elaborate ,
sophisticated and expensive instruments which may or may not be available in every laboratory , or involve difficult methods
of fabrication.

Few of an organic reagents have been employed for the estimation of La by spectrophotometric methods. These reagents
include: 2- [(4-Benzyloxy phenyl)azo]-5-nitro-4-phenyl imidazol (BANI) which forms ion association complex with La ion
[13] , xylenol orange with cetylpyridinium chloride (CPC) using flow injection analysis [14], 0-methoxy phenylthiourea [15],
(2-pyridylazo)-2-naphthol (PAN) [16], tribromoarsenazo [17], 2,2'-dipyridyl-2-pyridylhydrazone [18], fast violate blue [19]
and methylthymol blue reagent [20]. A Higher order derivative spectrophotometry was also reported recently for the
simultaneous determination of La(lll) and europium.
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This research describes the optimum conditions for development of a sensitive spectrophotometric method to determine La
by forming a quaternary complex with an available reagent promopyrogallol red (BPR) reagent and cationic surfactant (CPC)
in aqueous solution and to explore its applicability in urine and a number of water samples.

Experimental
2.1.Apparatus

A Jasco V-630 UV-Vis spectrophotometer (Japan) with 1.0-cm matched quartz cells and Bp3001 professional bench top pH
meter devices were employed for all absorption spectra recording and pH measurements, respectively.

2.2.Reagents
High pure chemical substances were used in all experiments .

- La(III) stock solution (1000pg/ml). A 0.31186 g of La(NO3).6H20 (Fluka) was dissolved in 100 ml distilled water (DW)
using a calibrated flask.

- La(III) working solution (100 pg/ml). A 10 ml of the La(III) stock solution was diluted to 100 ml with DW.

- BPR solution (1x10-3M). A 0.13955 g of the reagent of BPR (Fluka) was dissolved in 250 ml DW using a calibrated flask
and kept in dark bottle.

-Buffer solution of pH 4.61. This solution was set by mixing 25.5 and 24.5 ml of acetic acid (0.2M) and sodium acetate (0.2M),
respectively. The solution was pipetted into a 100 ml calibrated flask and diluted to the mark with DW [21].

-CPC solution (0.1% wi/v). A 0.1 g of CPC (Koch-Light) was dissolved in 100 ml DW.
-Tween 20 solution (1% v/v). It was made by diluting 1 ml of tween 20 solution to 100 ml with DW using a calibrated flask.

-Composite mixture solution (1x10-2 M). A 0.1761g of ascorbic acid (BDH) , and 0.2182 g of 5-sulphosalcylic acid (Fluka)
were weighed and dissolved in about 80 ml DW. The pH of the resulting mixture was adjusted to 4.61 with NaOH solution
(0.1M) . The solution was then transferred to 100 ml calibrated flask and finalised to the mark with the similar solvent. This
solution was freshly prepared.

General procedure

A suitable aliquot containing 2.5 — 100 pg of working La(I1I) solution(100 pg/ml) was pipetted into 20 ml calibrated flask
and mixed with 0.5ml of composite mixture solution (1x10-2 M), 2ml of buffer solution pH 4.61, 2.5ml of BPR reagent (1x10-
3M), 3 ml of CPC solution (0.1%) and 2 ml of tween 20 solution(1%). After shaking the mixture of solution thoroughly, the
mixture was then left for 10 minutes and made up to the mark with distilled water. The solution was mixed well and record its
absorbance at 661 nm against a solution prepared in the same manner but without La(l11)(blank).

Procedure for the determination of la(lll) in water samples

After clarifying the sample solution, a suitable volume of the sample solution not extra than 5 ml were taken and the above
general procedure designated was followed.

Procedure for the determination of la(lll) in urine
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The sample of urine solution was prepared as the procedure described in reference [22] and the pH of the resulting urine
solution was then adjusted to 4.61 with 1M NaOH solution. A suitable aliquot of this solution was pipetted out into a 20ml
calibrated flask and the La content was then analysed as the general procedure described .

Result and Discussion

When a 2ml of 1x10-3M BPR reagent solution was pipetted into 20ml of calibrated flask containing 2ml of La working solution
and dilute alkaline solution of NaOH, a weak violet binary chelate [La(lll)-BPR] was observed and showed maximum
absorption at 674 nm versus the corresponding blank solution. But on the addition of a few drops of cationic surfactant solution
a sharp increase in colour intensity was observed . This observation led us to the development of a sensitive method for the
analysis of La in an aqueous medium . The influence of several parameters on the absorption intensity of the coloured complex
was investigated and the conditions of the reaction have been optimized.

pH effect

The influence of pH on the colour intensity of the complex [La(lll)-BPR] was investigated. The results in Fig.1 show that the
optimum pH range for the complex formation is 4.61-4.82 and the pH value of 4.61 was designated for the subsequent
measurements due to its high sensitivity.
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Fig. 1: Effect of pH on absorbance of [La(ll1)-BPR] complex
Effect of surfactant

The influence of different amounts 1.0-4.0 ml of various surfactants (CPC, CTAB, SDS, triton-x100 and tween 20) on the
absorbance of the resulting [La(l11)-BPR] has been investigated. The experimental results illustrated that 3 ml of CPC solution
caused high increase in the colour intensity of the complex while no effect was observed in the presence of other surfactants.
Therefore, a 3ml of it have been chosen for the subsequent experiments.

Effect of CPC and tween 20 solutions

The presence of tween 20 in the reaction mixture was necessary in removing the slight turbidity that is may be formed in the
solution. The effect of tween 20 and CPC solutions were examined for this purpose .The results are listed in Table 1 show that
a 2 ml of tween 20 and 3 ml of CPC solutions have been used for subsequent experiments for the following reasons : (i) the
reaction of La with BPR reagent was accelerated, (ii) turbidity of the solution was disappeared [17] , (iii) the colour contrast of
the La (111)-BPR reaction was more improved and caused increasing in the sensitivity . Triton x-100 and CPC have been also
tried but the results obtained were not as useful as those with tween 20 .

Effect of reagent amount
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The influence of different amounts of BPR reagent in the presence of CPC with respect to La on the colour intensity of the
ternary complex (La(ll1)-BPR-CPC) was investigated. The experimental results indicated that a 2.5 ml of 1x10-3M BPR reagent
can be considered optimum because of its highest colour sensitivity and lowest corresponding blank value.

Table 1: Effect of surfactants on absorbance

ml of ml of CPC Absorbance L max
tween 20 solution sample Blank (nm)
solution (0.1%)

(1%)

1.0 2.0 0.7065 0.0634 664

1.0 25 0.7183 0.0652 661

1.0 3.0 0.7332 0.0578 661

1.0 4.0 turbid - 655

1.5 2.0 0.7944 0.0672 664

15 25 0.7901 0.0732 660

15 3.0 0.8012 0.0745 659

15 4.0 turbid 0.0820 653

2.0 2.0 0.8140 0.0605 664

2.0 25 0.8131 0.0718 661

2.0 3.0 0.8230 0.0523 661

2.0 4.0 0.7902 0.0855 654

3.0 2.0 0.7882 0.0823 655

3.0 25 0.7871 0.0673 657

3.0 3.0 0.7711 0.0707 655

3.0 4.0 0.7701 0.0791 656

Effect of temperature and reaction time

For the purpose of studying the influence of temperature and time on the formation La-BPR complex and its stability, the
reaction was carried out at different temperatures using a water bath with different periods of time. Table 2 shows the results
achieved.

Table 2: The influence of temperature and time on the absorbance of complex

Temperature Absorbance/minute
(C°) 1.0 | 50 | 10 | 15 | 20
5.0 0.6931 0.6741 0.6548 0.6345 0.6007
RT* 0.8291 0.8381 0.8433 0.8436 0.8447
30 0.8511 0.8912 0.9291 0.9451 0.9622
50 0.8854 0.9327 0.9412 0.9666 0.9713

*RT= Room Temperature =20+2C°

The results in Table 2 show that when the reaction was conducted at temperatures 30 and 50 C°, a noticeable rise and
instability in the absorbance readings of the complex formed were observed with increasing time. While the reaction at low
temperatures 5C°, cause decrease in the colour intensity of complex in comparison with the results obtained at laboratory
temperature. the results showed a remarkable improvement after a waiting time of 10 minutes from the reaction time, so the
laboratory temperature was adopted with a waiting time of 10 minutes in subsequent experiments .

Effect of Masking agent
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The effect of different amounts of various masking agents on absorption of the ternary complex was investigated. The
results are shown in Table 3.

Table 3: Effect of masking agent on absorbance of 2.5 pg/ml La(l11) ion

Masking agent Absorbance/ml of masking agent added
(0.01M)* 0.5 | 1.0 | 2.0
EDTA 0.0038 0.0015 0.0011
NaF 0.0059 0.0035 0.0012
Ascorbic acid 0.8391 0.8212 0.8288
5-sulfosalicylic acid 0.8431 0.8411 0.8221
Tartaric acid 0.5344 0.5182 0.3113

*The pH of masking solutions were adjusted to 4.61 ,
Absorbance without masking agents=0.8433

The results in Table 3 indicate that ascorbic acid , 5-sulfosalicylic acid solutions have no effect on the absorbance of [La(lll)-
BPR-CPC] complex, while other masking agents (EDTA and NaF) cause decreasing in the sensitivity may be owing to their
complexing action with La(lll) ion.

Therefore, a composite mixture solution of (5-sulfosalicylic acid and ascorbic acid) was prepared and its effect on the
absorbance of coloured complex was then studied. The investigational results reveal that 0.5 ml of the composite mixture
solution was optimum and therefore, it was selected for the subsequent experiments.

Reproducibility and Validity of Beer's law

Under the optimal operating conditions, a linear calibration graph was obtained in the concentration range 0.125- 5.0 pug.ml-
1 of La ion and determination coefficient (r2=0.9987 )(Fig.2). The apparent molar absorptivity(€) of the ternary complex La-
BPR-CPC and the index of Sandell's sensitivity were found to be 5.39x104 I.mol-1cm-1 and 0.00258 pg.cm-2, respectively.
The detection limit (DL) and quantification limit (QL) were estimated and equal to 0.0630 and 0.0817 pg.ml-1, respectively.
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Fig. 2: Calibration graph for La) I11) determination according the recommended procedure

Final absorption spectra
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According to the optimum conditions of proposed procedure, La ion forms a purple-blue water soluble ternary complex
(La(111)-BPR-CPC) at pH 4.61. The coloured complex exhibits one maximum absorption band located at 661 nm against the
blank solution which was prepared in the identical manner but without La (Fig. 3).

600
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Fig. 3: The absorption spectra of 2.5 ppm of La(lll) (A) sample against DW and (B) sample against blank solution (C) Blank

Stoichiometry of the resulting complex

against DW

The Composition of the reaction of La(lll) and BPR to form the complex was carried out under the established conditions
by applying the continuous variations (Job) and mole ratio methods [23]. In Fig.4 , the results of both methods reveal that the
ratio of La(lll) : BPR in the complex was found to be 1:2. The mole ratio method was also applied for estimating the ratio of
CPC to the complex (La(l1):BPR) and the results in Fig.5 indicate that the ratio of La(ll1):BPR:CPC was found to be 1:2:4,
respectively. The stability constant of the complex was also calculated (Ks= 7.58x109 M-2 ) [24].
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Fig. 4: (a) Continuous variations(Job) and (b) mole-ratio plots for La(lll) — BPR complex.
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Fig. 5: Mole-ratio plot for La(l11)-BPR-CPC complex.
Effect of foreign ions

In order to assess the possible analytical applications of the recommended procedure. The influence of different amounts
10, 25, 50, 100, 250, 500 pug of a number of foreign ions on the absorbance of (La(lll)-BPR-CPC) complex at pH4.6 was
investigated. An error of £5% in absorbance is considered tolerable. The results are listed in (Table 4).

Table 4: The tolerance limit of Individual extraneous ions on the determination of 25 pg of La ion.

Foreign ion Tolerance limit (ug)
Na*, CI-, Br, NOs , CO3%, Pb?, Be?*, ascorbic acid 500
Ca** , K*, SO, ,HCO3 250
Zr**, 103", Co?*, Ba?*, Se** ,CH;COO" 100
Mg*? 50
PO.%, Ni?*, Fe?* 25
Te*, Fe**, Mn?*, Pd?*, Cu?*, Cd*, Cr®*, Bi®* <10

As shown in Table 4. The largest interferences were found for Te4+, Fe3+, Mn2+, Pd2+, Cu2+, Cd2+, Bi3+and Cr6+ ions .

Application

The recommended procedure has been successfully applied for the estimation of La at two different concentrations 25 and
50 pg added to a volume not more than 5ml of natural waters ( tap, river , mineral ,well and Shatt Al Arab waters) and urine
sample. The results are collected in (Table 5) and reveal that the suggested procedure is suitable for estimating La(lll) with

agreeable results.

Table 5 : Estimation of La in natural waters and urine sample

Type of sample Sample Recovery(%)+RSD*/ug of La added
(ml) 25 50

River water 2 96.03+0.163 98.18+0.289
(Tigris river-Mosul) 5 95.7+0.732 100.3+£1.508
Well water® 2 95.89+1.099 99.9+0.549
5 95.3+1.013 102.7+0.740
Tap water 2 97.60+0.921 96.75+0.157
5 96.3+0.214 103.5+0.218
Mineral water® 2 98.2+0.296 101.1+0.223
5 99.4+0.175 103.5+0.126
Shatt Al Arab water © 2 100.2+1.705 101.6+0.499
(Basrah - Iraq) 5 101.9+0.376 102.7£0.350
Urine 1 97.2+0.475 99.7+0.601
2 95.3+0.504 96.4+0.451

*Average of three estimations ,

(a) from Sadda and Ba'wiza area in Mousl city

(b) Mineral water manufactured by (life) company
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(c) Water of Shatt Al Arab,

For estimating the efficiency of the proposed procedure , a t-value test was carried out for three different samples and the
results are summarized in Table 6.

Table 6 : Determination of 50 pg La(IIl) in natural waters and urine sample

Type of sample | ml of La(lln) (Recovery%+RSD)* t-exp.*
Sample | found* (ug)
Shatt Al Arab 5.0 50.50 101.00+0.436 1.50
water
Urine 1.0 48.54 97.08+0.359 1.93
River water 2.0 50.38 100.76+0.175 0.77

*Average of five estimations , # +t = (X — ) @ :
Tabulated “t”value at 95% confidence level of 95% is equal to 2.776 for ( N=4)

The results in Table 6 indicate that the measured t values are less than the tabulated (t) values at the 95% confidence level and
for four degrees of freedom [25]. These results reveal that there is no a determinate error in the recommended procedure.

Conclusion:

In this work La in agueous medium was estimated by using available chelating agent of bromopyrogallol red (BPR) in the
presence of CPC to form ternary soluble complex (La(ll1)-BPR-CPC) at pH4.61. the suggested method is highly sensitive and
suitable for the determination of La in some natural waters and urine sample.

REFERENCES

[1]. Lee, J.D., Concise Inorganic Chemistry, 5th ed. , Chapman and Hall, London (1996).

[2]. Chau, Y.P.; Lu, K.S., Investigation of the Blood-Ganglion Barrier Properties in Rat Sympathetic Ganglia by Using Lanthanum lon and Horseradish
Peroxidase as Tracers, Acta Anatomica (Basal),153 , 135-144 (1995).

[3].Smakhtin, L.A. ; Mekhryusheva, L.1. ; Filipova, N.V. ; Miglina, N.V.; Sinitysna, T.S., Determination of Rare Earth Elements in Environmental Samples,
J. dioanal. Nucl. Chem. , 154 , 293-298 (2016).

[4]. Li, J.; Hong, M. ; Yin, X.; Liu, J., Effects of the accumulation of the rare earth elements on soil macrofauna community , J. Rare Earth. 28: 957-964
(2010).

[5].Vizioli, N. ; Gil, R. ; Martinezl. D. ; Silva, M.F., On-line Solid Phase Extraction CZE for The Simultaneous Determination of Lanthanum and
Gadolinium at Picogram Per Liter Levels, Electrophoresis, 30 , 26812687 (2009).

[6].Marino , M.P. ; Pena, E.A. ; Coello, H.A. , Determination of Lanthanum, Scandium, and Yttrium in Complex Geological Samples by Inductively
Coupled Plasma Optical Emission Spectrometry, Spectroscopy Letters , 54(2) ,122-123 (2021).

[7]. Yan, L. ; Hua, Y. ; Sigian, Zh. ; Yang, M. ; Shi, Y. ; Peng, L. ; Ying, B., Direct Quantification of Rare Earth Elements Concentrations in Urine of
Workers Manufacturing Cerium, Lanthanum Oxide Ultrafine And Nanoparticles by a Developed And Validated ICP-MS, Int. J. Environ. Res. Public
Health, 13, 350 (2016).

[8]. Agrawal, Y.K., Liquid-liquid Extraction, Separation, Preconcentration and ICP-AES determination of Lanthanum and Cerium With n-phenyl-(1,2-
methanofullerene C60) 61-formohy-droxamic Acid Fuller. Nanotub. Car. N. , 12 , 545-570 (2004).

[9]. Ali, T.A. ; Mohamed, G.G. , Potentiometric Determination of La(lll) in Polluted Water Samples Using Modified Screen-Printed Electrode by
Selfassembled Mercapto Compound on Silver Nanoparticles, Sensors and Actuators, B 216 , 542-550 (2015).

[10].Santos, F.D. ; Depoi, F.R.S. ; Bentlin, M. Ferrao, F. ; Pozebon, D. , Multivariate Optimization For Cloud Point Extraction And Determination of
Lanthanides, Anal. Methods, 4 , 2809-2814 (2012).

[11].Pradeep, Sh. ; Rajni, B. ; Mukesh, T., Voltammetric Trace Determination of Lanthanum. International Journal of Advance Research in Science and
Engineering , 4(7), 311-316 (2015).

[12].Ensafi, A. ; Fooladgar, E. , Selective Lanthanum lons Optical Sensor Based on Covalent Immobilization of 4-Hydroxysalophen on a Hydrolyzed
Triacetylcellulose Membrane, J. Anal. Chem. ,66, 865-870 (2011).

.Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 6 | 2022 m




[13].Sharma, P. ; Bais, R. ; Tiwari, M. , Extraction of Lanthanum (111) Complex Coupled with Spectrophotometric Method for Determination in Different
Samples, First International Scientific Conference, Al-Kut University College/ Issue One, 29 — 30 (2017).

[14].Havel, J. ; Moreno, C. ; Hrdlicka, A. KA ; Valiente, M., Spectrophotometric Determination of Rare Earth Elements by Flow Injection Analysis Based
on Their Reaction With Xylenol Orange And Cetylpyridinium Bromide , Talanta , 41( 8), 1251-1254 (1994).

[15].Naval, R. ; Kuchekar, Sh. , Spectrophotometric Determination of Lanthanum(l1l) with O-Methoxy phenylthiourea as a Chromogenic Ligand, J.
Mater. Environ. Sci., 12, (01), 115-127 (2021).

[16].Zuhri, A. Z. ; Abdul Hadi, K. , Sensitive Spectrophotometric Determination of La(Ill) With 1-(2-Pyridylazo)-2-naphthol (PAN) , Microchemical
Journal , 30 (2) , 231-234 (1984).

[17].Chen, X.X.; Liu, K. ; Kuang, L.F. ; Long, H. , Spectrophotometric Determination of Lanthanum in Raffinate With Tribromoarsenazo , Applied
Mechanics and Materials, volume ( 675-677) , 1429-1432 (2014).

[18].Salim, A. R. ; Shalabi, A.J., Spectrophotometric Determination of Lanthanum(I1l) With 2,2'-dipyridyl-2-pyridylhydrazone , Microchemical Journal , 33
(2) , 226-231 (1986).

[19].Emara, K.M. , Spectrophotometric Determination of Phenylephrine Hydrochloride in Multi-component Pharmaceutical Preparations With Fast Violet B
Salt, Alexandria Journal of Pharmaceutical Sciences, 7 (3),213-217 (1993).

[20].Igbal, M.Z. ; Nasir, B.A. ; Mahmud, T. ; Fayyaz, M., Spectrophotometric Determination of Lanthanum (l11) , Journal of Scientific Research (Lahore) ,
22(2), 91-105 (1993).

[21]. Perrin, D.D. ; Demps, Y.B., "Buffers for pH and Metal lon Control". Champan and Hall Ltd., London, p.142 (1974).

[22].Afkhami, A.; Madrakian, T.; Siampour, H. , Cloud point extraction spectrophotometric determination of trace quantities of bismuth in urine, J. Braz.
Chem. Soc., 17 (4), 797-802 (2006).

[23].De levic, R. , "Principles of Quantitative Chemical Analysis". Mc, Graw-Hill, Internatinonal Edn., Singapore, pp. 495-502 (1997).

[24].Hargis, L.G. , "Analytical Chemistry, Principles and Techniques". Prentice-Hall International, London, pp. 424-427 (1988).

[25].Christian, G.D. , "Analytical Chemistry". John Wiley and Sons, 6th ed., Philadelphia, pp. 90-97. Sympathetic Ganglia by Using Lanthanum lon and
Horseradish Peroxidase as Tracers, Acta Anatomica (Basal),153 , 135-144 (2004).

31254 Journal of Pharmaceutical Negative Results | Volume 13 | Special Issue 6| 2022 y |




