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Abstract: Sm(III) forms two mixed-ligand complexes, a pink colour complex with  2-(5-bromo-2-pyridylazo)-5-

diethyl-aminophenol (5-Br-PADAP) in the presence of p-tolunenes sulfonic acid (PTSA) at pH 7.0 and a red colour 

complex in the presence of  triton X-100 or Polyethylene-di-isobutyl-glycol-ether (TX-100) and it is extractable 

with N-p-carboxyphenylbenzohydroxamic acid (PCBHA) in dichloromethane at pH 10.0. The optimum 

concentration ranges for the determination of Sm(III) are 0.1-3.5 and 0.05-3.0 g mL
-1 

for the pink and red 

complexes, respectively. The proposed method has been successfully applied on the mafic rock reference samples, 

monazite sand and sea water of coastal region of Kerala in India. The average recovery of Sm(III) has been found 

to be 99.5 ± 0.1% with relative standard deviation (RSD) value ranging  between 1.4-7.3%. 

Keywords: Samarium (III); 5-Br-PADA; TX- 100; PTSA; N-p-carboxyphenylbenzohydroxamic acid 

 

I. Introduction 

Rare earth elements are extremely important due to its applications in nuclear power activities, material 

science, catalysis, medicine, and life science. So, it is important to determine trace amounts of such element [1], [2]. 

These elements are widely distributed in low concentration in the Earth’s crust. The vapors or dusts of these 

elements are  highly toxic when inhaled. They tend to remain in the lungs, liver, spleen, and kidneys. Samarium is 

found along with other members of the rare-earth elements in many minerals, including monazite and bastnasite to 

the extent of 2.8% [3]. Samarium is used as a gasoline cracking catalyst and a polishing compound, as well as in the 

iron and steel industries to remove sulfur, carbon, or other electronegative elements[4]. 

Samarium is mainly used in drugs, electronic, glass, laser, electrical, nuclear and ceramics industries. 

Samarium is generally used in such applications as neutron absorber in nuclear reactors, quadramet (Sm 153 

lexidronam) in the manufacture of drugs, doping calcium fluoride crystals in optical masers or lasers, carbon arc 

lighting in motion picture industry, etc. The oxide of samarium exhibits catalytic properties in the dehydration and 

dehydrogenation of ethyl alcohol [5]. SmCo5 has been used in making new permanent magnet materials with the 

highest resistance to demagnetization of any known material[6]. These uses illustrate the importance of samarium 

and its compounds in the geological matrices.   

In the proposed method, Samarium forms stable chelates with 2-(5-bromo-2-pyridylazo)-5-

diethylaminophenol (5-Br-PADAP) [7]-[9]
 
due to presence of the –N-(CH3)2 and halogen group in the presence of 

surfactant triton X-100 (TX-100) [10] and p-tolunenes sulfonic acid (PTSA) [11]. Hydroxamic acid and their 

derivatives are weak organic acids and  have low toxicity. It has wide applications in quantitative determination of 

metal ions in the environment, organic, inorganic and pharmaceutical analysis [12], [13]. N-p-carboxyphenylbenzo-

hydroxamic acid (PCBHA) has various applications in the field of pharmacology, toxicology and pathological areas 

[14]. This reagent is successfully utilized for the quantitative analysis of samarium ions in monazite sand and sea-

water samples. 

The spectrophotometric method is the most popular and cheaper technique for the quantative 

determination of lanthanide metal ions. A survey of literature reveals that various reagents have been employed for 

the determination of samarium (III). Soylak et al. [15] used a chrome azurol reagent under borax buffer of pH 7.5 
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and his method was sensitive but suffered from interferences of metal ions. Mathew et al. [16] and Dey et al. [17] 

developed a method with low molar absorbtivity, using a reagent 1-(2-pyridylazo)-2-naphthol (PAN) in presence of 

the surfactant. Gadzhieva et al. [18] developed a less sensitive method, using a 2-(2-hydroxy-3-sulfo-5-

nitrophenylazo)-naphthalene-1,8-dihydroxy-3,6-disulfonate in the presence of surfactant. Dik et al. [19] 

developed a less sensitive method in hydrochloric Acid Solution. Agrawal et al. [20] developed a method in 

narrow pH range, using a N-phenylbenzohydroxamic acid and xylenol orange as reagent for the separation of 

lanthanoid element. Alaa et al. [21] developed a method with low sensitivity, using a pyrimidine azo derivatives in 

micelar medium. Mohamed et al. [22] developed a less sensitive method, using a 8-hydroxyquinoline-5-sulfonic 

acid as reagent which suffered from interference of rare-earth element. Shah et al. [23] developed a method with 

low molar absorbtivity, using a 4,5,dihydroxy-3-phenylazo-2,7-naphthalene disulphonic acid, disodium salt as 

reagent at narrow pH range.
 
 

Lanthanide elements being hard bases tend to form chemical bonds with atoms belonging to the hard acid 

group. For example, oxygen and lanthanide element tend to form Ln-O bonds. The most common coordination 

number of lanthanide complex is 8 or 9 due to their large ionic radius [24].
 
Samarium (III) ions form  covalent polar 

bond with ligands having oxygen donor atoms such as 5-Br-PADAP, TX-100, PTSA and PCBHA reagents.  

II. Experimental 

A.  Material and Methods 

All chemicals used were procured from Central Drug House and Sigma Aldich. Millipore double distilled 

water was used for the preparation of all solutions. 

a. Preparation of Substituted Hydroxamic Acid 

PCBHA was synthesized by the reaction of equimolar concentration of N-p-carboxyphenylhydroxylamine 

and N-phenylbenzanilide and crystallizing it in absolute alcohol as reported in the literature [25].
 

A 4.7 10
-3 

mol L
-1

  (0.1%, w/v) solution of PCBHA were prepared in dichloromethane and employed for 

extraction of Sm(III)-5-Br-PADAP-TX-100 complex. The stock solutions 6.62×10
-3

 mol L
-1

 of rare earth ions was 

prepared in concentrated HCl and HNO3 acids (1:1), respectively. The solutions were heated on a sand bath until 

the oxides was completely dissolved and diluted with water to the mark in volumetric flasks. The above stock 

solution was standardized by complexometric method of EDTA [26].
 
A 8.610

-4 
mol L

-1 
(0.03%, w/v ) solution of  

5-Br-PADAP in 95.0% ethanol  was employed for color development.  An aqueous solution of 1.5410
-3

 mol L
-1

 

(0.1%, w/v) of TX-100 and 5.1410
-2

 mol L
-1  

(1%, w/v) solution of PTSA were  used. Ammonia buffer solution of 

pH 8.0 to 14.0 were prepared by mixing a appropriate volume of  NH4Cl and NH4OH in 100 ml volumetric flask 

and  Phosphate buffer solution were also prepared by mixing  a appropriate volume of 0.1m HCl or 0.1m NaOH 

into 0.1m disodium hydrogen phosphate and  calibrated with digital pH meter (DB-1011) [26].
 

B. Apparatus 

The absorption spectra of the solutions were recorded on double beam UV-Visible spectrophotometer 

54440SS model in the range 300–800 nm using 10 mm quartz cell. A digital pH meter (DB-1011) was calibrated 

regularly with standard buffer solution of acid and base before use.  

C. General Procedure 

The pink colored Sm(III)-(PTSA)-(5-Br-PADAP) aqueous complex were prepared by standard solution 

containing (10-35) g solution of Sm(III) was transferred into 10.0 ml volumetric flask. To the above solution, mix 

1.0 mL (1%, PTSA) and 1.0 mL ethanolic solution of (0.03%, 5-Br-PADAP), solution and diluted to final volume 

upto 10.0 mL with phosphate buffer pH 7.0±0.2 solution and measured  absorbance at 565.5 nm against the solvent 

in which it was prepared.  

The red color Sm(III)-(TX-100)-(5-Br-PADAP) aqueous complex were prepared by standard solution 

containing (5.0-30) g solution of Sm(III) was transferred into separtory funnel. Mix 0.5 mL (0.1%, TX-100) and 

1.0 mL ethanolic solution of (0.03%, 5-Br-PADAP) solution and diluted to final volume upto 10.0 mL with 

ammonia buffer pH 10.0±0.2 solution then shaken it vigorously for 1 min with 5.0 mL of PCBHA solution in 

dichloromethane thereafter washed with 2×2 ml fresh dichloromethane. All extracts after drying over anhydrous 

sodium sulfate (2 gm) were transferred to a 10.0 mL volumetric flask and then made up to the mark with 

http://link.springer.com/search?facet-author=%22F.+M.+Chyragov%22
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dichloromethane. The absorbance of the complex was finally measured at 590 nm against the solvent in which it 

was prepared. 

D.  Sample Preparation and Sampling Method  

a.  Digestion of Monazite Sand Sample 

A 2.0 g sample of monazite sand was dissolved in the ratio of 3:1:3 mL of HF, HCl, and HNO3 in a glassy-

carbon dish. The paste obtained was treated with 8.0 mL of HNO3 at 50–60°C to the point of complete distillation 

of HF. The residue obtained was dissolved in water and transferred to a 100 mL volumetric flask; the solution was 

diluted to the mark with water. Take a portion of above samples and follow the above Procedure.  

b. United State Geological Survey Mafic Rock Reference Samples (USGS) 

The synthetic samples were prepared as per compositions of USGS mafic rock reference samples. 

c. Sea Water Sample 

The monazite sand and sea-water samples were collected from different site of coastal region of Kasargod 

and Mangalore of Kerala in summer season on the dated 16 April 2013 and 11 June 2013, respectively from India.   

The sea-water samples were filtered with a membrane filter (pore size 0.45 mm, Millipore) to remove dirt, sand and 

suspended matter. Take an aliquot of sea water sample, then put into ultrasonicater and leave it for 1h at 60°C, then 

follow the above procedure.   

III. Results and Discussion 

A. Absorption spectra 

  Effect of various surfactants and salt on the absorbance of Sm(III) complex was investigated at wavelength 

of (200-800) nm. Other surfactant such as Brij-35, cetylpyridinium chloride, sodium dodecyl sulfate, Tween-20 

were tried, but it turbid the aqueous  complex in the pH range of  ammonia buffer solution of  8.0-11.0 and 6.0-8.0 

of phosphate buffer.    

The pink colored Sm(III)-PTSA-5-Br-PADAP aqueous complex and red coloured Sm(III)-TX-100-5-Br-

PADAP-PCBHA organic complex show maximum absorbance at 565.5 nm and 590 nm, respectively with their 

corresponding blank and solvent and the same is discussed and shown in Table 1 and Fig. 1, respectively. 

 

 

Figure 1  Absorption spectra of complex of Sm(III)-complex in aqueous(C-1) pH [7.0] and organic phase(C-

2) pH [10],  Sm(III) [7.210
-6 

 mol L
-1

]; PTSA [2.5710
-3 

mol L
-1

],TX-100 [1.510
-4 

mol L
-1

]; 5-Br-PADAP 

[8.610
-5 

mol L
-1

]; PCBHA [2.3410
-3

 mol L
-1

] 

B. Choice of Extraction Solvent 

The samarium (III) complex was extractable with many organic solvents such as chloroform, 

dichloromethane, toluene, benzene, n-butyl alcohol etc. Satisfactory results were obtained only with chloroform and 

dichloromethane. With other solvents, the molar absorptivity was found to be decreased i.e. 0.95-4.0×10
4
 L mol

-1
 

cm
-1

. Since dichloromethane is less toxic than the chloroform. So it was chosen as solvent for extraction of Sm(III)-

complex.  
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C. Effect of pH 

The effect of different buffer solution on the formation of Sm(III)-PTSA-5-Br-PADAP aqueous complex 

and Sm(III)-TX-100-5-Br-PADAP-PCBHA organic complex was examined at 565.5 nm and 590.0 nm using buffer 

solutions of different  pH i.e. 8.0-15.0 of ammonia buffer and phosphate buffer of 6.0-11.0.  The best results were 

obtained between 10.0-14.0 pH of ammonia buffer and 7.0-8.5 pH of phosphate buffer as shown in Fig. 2. 

Moreover, other buffers of citrate, acetate and borax were also tried but satisfactorily result were not obtained.  

 

Figure 2 Effect of pH on the formation of Sm(III)-complex. C-1(Phosphate buffer) and C-2(Ammonia 

buffer), Sm(III) [2.8610
-6 

 mol L
-1

]; PTSA [2.5710
-3 

mol L
-1

], TX-100 [1.510
-4 

mol L
-1

]; 5-Br-PADAP 

[8.610
-5 

mol L
-1

]; PCBHA  [2.3410
-3 

mol L
-1

] 

D. Effects of  Reagents  

For maximum color development of Sm(III)-(PTSA)-5-Br-PADAP aqueous complex, optimum 

concentration range of the various reagents are as follows: A (1.71-4.29)  10
-5 

mol L
-1

 of 5-Br-PADAP in ethanol, 

(2.57-5.14) 10
-3 

mol L
-1

 aqueous solution of PTSA in distilled water. The Sm(III)-(TX-100)-5-Br-PADAP-

PCBHA complex showed maximum color development in the concentration range of  (7.6-10.0)  10
-5 

mol L
-1

 of 5-

Br-PADAP in ethanol and (1.4-3.0) 10
-4 

mol L
-1

 aqueous solution of TX-100 and (2.1-2.6) 10
-3 

mol L
-1

 of 

PCBHA in dichloromethane.  

E. Effect of Temeperature, Stability, Electrolyte and Dilution 

The study on the variation of temperature for the formation of metal complexes showed no change in the 

absorbance of the Sm(III) complexes between 10 to 50ºC. Beyond this temperature, the absorbance of the 

complexes decreased. Hence, all extraction work was carried out at 30ºC. It was observed that the colour of the 

complexes were stable for 24h.  

About 1.5 mol L
-1

  concentrations of KCl/ K2SO4 /NH4Cl did not affect the absorbance and max of the 

complex.  The effect of variation in the volume of the aqueous phase, on the formation of the metal complexes  was 

studied. No change in the absorbance and max of the complex was observed while varying the volume ratio of the 

organic to aqueous phase from 2:1 to 1:5. Hence 1:1 organic solution was chosen for the entire work. 

F. Composition of the Complexes 

The composition of the mixed-ligand complexes of samarium were determined by the curve fitting 

methods as described in Sillen [27]
 
and Job’s continuous variation method [28]. A graph was plotted between log D 

(distribution ratio) of metal and [ligands]. The stoichiometric ratio of the metal to ligand in the complex was 

established to be 1:1:1 for [Sm(III): PTSA: 5-Br-PADAP] in aqueous phase.  

The stoichiometric ratio of the metal to ligand in the organic complex was established to be 1:2:2:2 for 

[Sm(III): TX-100: 5-Br-PADAP: PCBHA] ( Fig. 3). 
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Figure 3 Curve fitting method for the determination of Sm(III) to  PTSA/5-Br-PADAP(1:1:1) and 5-Br-

PADAP/TX-100/ PCBHA(1:2:2:2) complex in dichloromethane. 

The probable reaction mechanism is given below:   (i) 

Sm+3

N

N
N

N

Br

O-H+

2- (5-Bromo-2-Pyridylazo) -5-Diethylaminophenol

[CH3C6H4SO3H]+

p-Tolunenes sulfonic acid

+ [Sm-L]-

L

[Sm-L]-
+ [Sm-L]- [CH3C6H4SO3H]+

 

(ii) [Sm-(5-Br-PADAP)2]
−
 + 2[TX-100] + 2[PCBHA]

+
  {[(TX-100)2 Sm(5-Br-PADAP)2 .(PCBHA)2]Cl}0  

Subscript “0” here describes the organic phase. 

G. Analytical Parameters 

The Sm(III)-(PTSA)-(5-Br-PADAP) and Sm(III)-(TX-100)-(5-Br-PADAP)-PCBHA complex follow 

Beer’s law up to (0.1-3.5) g mL
-1

 in aqueous phase and (0.05-3.0) g mL
-1

 in organic phase, respectively. The 

slope, intercept and correlation coefficient, detection limit of the method at (2σ) and sandall’s sensitivity of Sm(III)-

complex are calculated  for the complexes and the same are listed in Table I. The precision of the method in terms 

of the relative standard deviation (n=10) for the determination of 2.5g Sm(III) is ±0.052%.  

Table I Spectrophotometric characteristics of Sm(III)-complex. Sm(III) [7.210
-6 

mol L
-1

] ; TX-100 [1.510
-4 

mol L
-1

]; PTSA [2.5710
-3 

mol L
-1

], 5-Br-PADAP [8.610
-5 

mol L
-1

]; PCBHA  [2.3410
-3 

mol L
-1

]. 

 

Sm(III)-complex max, 

nm 

(ε), L mol-1 cm-1  Beer’s law, 

g/mL 

Detection 

limit ng/mL  

Sandell’s 

sensitivity 

(ng/cm2) 

Intercept / slope / 

correlation coefficient  

Sm(III)-TX-100-5-Br-PADAP- 

PCBHA-Dichloromethane 

pH 100.2 

    

0.05-3.0 

 

 

21.0  

 
 

  

0.094 /0.0006 / ±0.996 
590.0 1.42×105 10.50 

   

Sm(III)-PTSA-5-Br-PADAP 

(Aqueous complex) pH 7.00.2 

   

0.1- 3.5 

 

11.0 

 

  

0.82/ 0.005 / ± 0.995 

 
 

565.5 1.27×105 5.78 
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H. Effect of Foreign Ion 

The variable amounts of foreign ions were introduced into a [7.210
-6 

mol L
-1

] of Sm(III) complex. If there 

is some small change in the absorbance, then  2% tolerance limit for the ions can be considered. The methods are 

free from the interference of alkaline and alkaline earth metal and lanthanide group of metal ions. However, some 

transition metal ions such as Co(II), Ni(II), Cu(II), Pd(II) and Ru(III) were found to interfere with complexes which 

were effectively masked by the addition of EDTA prior to extraction and the same is shown in Table II.  

 

Table II Tolerance limit (TL) of diverse ion in the determination of [7.210
-6 

mol L
-1

]  Sm(III)-complexes  

1- Sm(III)-PTSA-5-Br-PADAP (Aqueous medium at pH [7.0±0.2] 

2- Sm(III)-TX-100-5-Br-PADAP-PCBHA (Organic medium at pH[10.0±0.2] 

*    Removed by 0.4 ml of 0.58% EDTA 

** Masked with 1 ml, 1% aqueous SCN- solution. 

Foreign ions interfere when they cause a change in the absorbance of the Sm(III)- complex  by   2%. 

 

I. Comparison with other methods 

The analytical characteristics of some important spectrophotometric methods reported for the 

determination of Sm(III) reveal the superior part of the present method in terms of sensitivity and selectivity for the 

detection owing to the negligible interference from the lanthanide ions as listed in Table III. 

J. Application of the methods  

The methods are successfully applied on USGS mafic rock  synthetic samples [29], monazite sand and sea 

water samples collected from costal region of Kerala in India. The validity of the methods were tested by using a 

reported method of Soylak et al. [15]. The average concentration of Sm(III) in different sites of costal region of 

Kerala state of India were found between 0.5 to 6.0 ppm with  RSD value ranging between 1.9-2.8%. The average 

Ions added  TL, mg 10 mL-1 aqueous phase1 TL, mg 10 mL-1 organic phase2 Relative error, % 

Ru(III) 0.1** 0.25** 0.4 

Co(II) ,Cu(II) 0.2* 0.34* -1.9 

Rh(III)  0.3 0.45 -1.2 

Ni(II)            0.4* 0.6* -0.9 

Pd(II) 0.4** 0.2** 0.6 

Th(IV) 0.5 0.25 -1.7 

Pt(IV), Ce(IV), U(VI), Eu(III), 

Gd(III), Nd(III), Y(III), Yb(III), 

Fe(III)  

0.6 0.55 -1.9-1.2 

Mn(II) 0.07 0.14 1.2 

V(V), Pr(III) 0.20 0.50 1.3 

Nb(V), Ho(III),Tb(III),Tm(III) 0.50 0.10 -1.2 

Bi(III), La(III) 0.60 0.50 0.9 

Os(VIII) 0.80 0.60 1.1 

Zr(IV) 1.25 2.0 1.5 

Pb(II) 2.0 3.0 0.3 

Zn(II) 20 60 1.4 

Hg(II) 50 70 0.5 

Ca(II) 80 100 -1.2 

Mg(II), Cd(II) 100 100 -1.5 

Phosphate 1.0 3.0 0.9 

KSCN 10 20 0.3 

Citrate 20 40 -1.3. 

Oxalate 50 100 1.1 

Bromide, Tartrate 160 170 -1.5 

EDTA  1000 1000 0.9 
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recovery of Sm(III) were calculated to be 99.5  0.1% with RSD value ranging between 1.4-7.3% as listed in Table 

IV and V.   

IV. Conclusion 

 In the proposed method, a highly sensitive and selective spectrophotometric method is developed for the 

determination of trace amounts of Sm(III) in monazite sand and sea water in costal region of Kerala state of India, 

and in synthetically synthezied standared geological matrices samples. The surfactant, p-tolunenes sulfonic acid 

(PTSA) and triton-X-100 (TX-100) were used to increase the solubility and decrease the time of colour 

development of the complexes of samarium. An extacting agent N-p-carboxyphenylbenzohydroxamic acid 

(PCPBDA) are used due to its high organophilic character, having wide flexibility for the introduction of 

substituents, and widened acidity range for the formation of metal complexes. The applied methods  are free from 

the interference of the lanthanoid group elements.  
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Table III Comparative study of analytical potential of samarium(III) method. 
 

LIGENDS: 

Aq : Aqueous solution, NG : Not Given, DCM : Dichloromethane, Ra : 5-(20-bromophenylazo)-6-hydroxy pyrimidine-2,4-dione, Rb : 5-(40-

chlorophenylazo)-6-hydroxypyrimidine-2,4-dione, Rc : 5-(20,40-dimethylphenylazo)-6-hydroxypyrimidine-2,4-dione, -CTMA :  Absence of 

cetyltrimethyl ammonium Bromide , +CTMA : Presence of  cetyltrimethyl ammonium Bromide , 5-Br-PADAP : 2-(5-bromo-2-pyridylazo)-5-

diethylaminophenol,  (M:L) : (Metal: Ligand), NPHR : Narrow pH range, II : Ions interference, PM : Present method.  

Reagents Solvent/Acidity 

range 

ϵ/L mol-1cm-1 

ƛmax, nm / Beer’s law( μg/ml) 

M:L Remark Ref 

Chrome azurols + 

Cetylpyridinium  

chloride  

Aq / Borax buffer-

pH, 7.5 

1.4×105 / 505 / 0.05-2.0  NG NPHR / II-Cr+3,  Fe+3 

and Bi+3  etc 

15 

1-(2-pyridylazo)-2-naphthol+ 
cetyltrimethyl ammonium 

Bromide, TritonX-100, sodium 

dodecyl sulphate 

Aq / Borax buffer-
pH, 6.0-8.0 and 

ammonical buffer- 

pH, 8.0-10.0 

5.8×104, 7.4×104, 5.7×104 / 
545, 535, 540 / 1×10-6 - 

3×10-5 mol L-1  

1:3 NPHR / Fe+3, Cu+2, 
Cd+2, Ni+2, Zn+2 and 

U+4 etc 

16 

Disodium 2-(2-Hydroxy-3-

sulfonic-5-Nitrophenylazo) 

naphthalene-1,8-Dihydroxy-
3,6-Disulfonate + CTMA 

Aq / pH,  6.0 4.74×10-3 / 529 / 1.20-9.60  1:1:1 NPHR / II-Ca+2, Cu+2 , 

Al+3 Zr+4, Th+4, 

Na2HPO4 

· 12H2O,  F-1  etc 

18 

N-phenylbenzohydroxamic 

acid +Xylenol orange 

CHCl3/ pH, 10.0 9.3×104 / 600 / 0.008-3.22  1:2:1 NPHR / II- Y+3 20 

Pyrimidine azo derivatives 

(Ra, Rb and Rc)+ CTMA or -

CTMA 

CHCl3/ pH, 7.2, 

7.7, 8.2 

(8.8-9.8)×103 and 3.16-

3.40×103 / 595, 625, and 

613  
 / (- CTMA)- 1.0–8.7, 1.3–

9.4 and 1.2–8.1, (+CTMA) 
0.5–3.9, 0.7–4.2 and 0.6–

4.1  

+ CTMA,  

1:1 

-CTMA, 
1:2 

NPHR / II-Cu+2 Zr+4, 

Th+4, Na2HPO4· 

12H2O,  F-1   etc 

21 

8-Hydroxyquinoline-5-sulfonic 

Acid 

 Aq / pH, 7.0 2.5×10-3 / 410 / 

 10- 100  

1:1 NPHR / II- foreign ions  

interfere 

22 

4,5,Dihydroxy-3-phenylazo-

2,7-naphthalenedisulphonic 
acid, disodium salt 

(Chromotrope 2R) 

Aq / pH, 6.0-9.0 6.01×102 / 550 / NG 1:1 NG 23 

(1) p-Tolunenes sulfonic acid 
+ 5-Br-PADAP 

(2)TX-100 + 5-Br-PADAP+  

N-p-carboxyphenylbenzohy-
droxamic acid 

DCM / phosphate 
Buffer-pH=6.0-

8.0.   

Ammonia Buffer 
pH= 8.0-11.0  

Aq-1.27105  at  565.5 / 
0.1-3.5  

Og-1.42105at 590.0 / 0.05-

3.0  

1:1:1 and 
1:2:2:2 

II-Co+2, Ni+2, Cu+2, Pd+2 
and Ru+3 etc 

PM 
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Table IV Concentration of samarium (III) in environmental samples using standared addition method. 

 
LIGENDS: 

a : Five determination were made 

MS-1 : 2Monozite sand samples from Kasargod from sea beaches of Kerala. 

MS-2 : Monozite sand samples from Mangalore from sea beaches of Kerala.  

SW-1 : Sea water samples from Kasargod from sea beaches of Kerala. 

SW-2 : Sea water samples from Mangalore from sea beaches of Kerala. 

M1 :  Sm(III)-PTSA-5-Br-PADAP complex (Method) 

M2 : Sm(III)-TX-100-5-Br-PADAP-PCBHA complex (Method) 

 

Table V Concentration of samarium (III) in synthetic samples.  

 

 

 

 

 

 

 

LIGENDS: 

a : Five number of determinations 

W-2, DNC-1, BIR-1 : Different composition of USGS Mafic Rock Samples  

M1 : Sm(III)-PTSA-5-Br-PADAP complex (Method) 

M2 : Sm(III)-TX-100-5-Br-PADAP-PCBHA complex (Method) 
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