Preparation of samples for alpha-spectrometry by direct evaporation of extracted species
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Abstract
Because of the energy loss of α-particles by self-absorption, α-spectrometry requires thin, uniform, and nearly weightless samples. Several methods exist for sample preparation, e.g., electrodeposition or co-precipitation. Unfortunately, the methods yielding the best energy resolution are not always quantitative and are usually relatively demanding and time-consuming. This fact makes application of α-spectrometry for screening tests with radiotracers complicated. 

For its simplicity and fastness, the possibility to prepare samples for α-spectrometry by direct evaporation of simple aliquots of aqueous or organic solutions and the influence of the presence of volatile organic diluent or tensioactive agent was investigated. Also, the influence of coating the samples with Mylar film was evaluated. The sample preparation techniques were compared based on the counting efficiency and energy resolution achieved. The performance of the selected method was tested on assessment of the efficiency of americium extraction by BTBP (bis-triazine-bipyridine) extractant. 
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Introduction

Alpha spectrometry is a very useful method for analyzing alpha-emitting radionuclides mainly because of its relatively high efficiency and very low background resulting in high sensitivity. Alpha-particle spectrometry is usually performed after a radiochemical separation and deposition of alpha-emitting radionuclides onto a counting surface [1]. In order to obtain the best possible resolution, it is necessary to produce thin, flat, and uniform samples. Techniques for the preparation of sources suitable for alpha spectrometric measurements are reviewed e.g. in [2]. There are three basic methods of alpha-sample preparation: evaporation, co-precipitation, and electrodeposition. In electrodeposition, radioactive material is electrochemically plated from an electrolyte solution onto a polished metal (stainless steel, copper, or other material) cathode planchet, anode being typically platinum wire or gauze. Co-precipitation of actinoids with rare-earth fluorides, followed by filtration on a smooth surface membrane filter of small pore size (0,1-0,2 μm) produces good-quality alpha sources [3]. Direct solution evaporation performs well for small volumes of dilute or electrolyte/carrier free solutions. In this case, the solution is spread uniformly over counting planchet and solvent is evaporated taking care to prevent splattering and consequent contamination of surrounding work area [4]. However, these samples tend to be less uniform. Spreading agents can be added to the solution, but the organics must be removed by firing before measurement. The way of drying the deposited drop of radioactive solution significantly affects the quality of the resulting source. Several drying methods can be used: in open air, in a laminar flow or fume hood, at room temperature or heated under infrared lamp. It is important to carry out the operation in a dust-free environment to avoid inclusion of dust particles in the radioactive source [5]. The method of direct evaporation has been employed in e.g. [6, 7]. Triethylene glycol may be used as a spreading agent to achieve uniform distribution in samples as e.g. for track registration technique [8]. Another problem associated with counting relatively high-active samples from tracer experiments is that the recoil fragments from alpha-emitting source may cause significant detector contamination. The simplest method to avoid the problem is to use a source coating [9].
The aim of the study was to investigate the influence of sample preparation methods of simple evaporation, evaporation with volatile organic solvent, evaporation in the presence of tensioactive agent, and Mylar coating on counting efficiency and energy resolution in order to select the method suitable for screening tests with trace amounts of radionuclides. The method developed should enable determination of distribution coefficient D in liquid-liquid extraction experiments by direct comparison of the alpha-activities of organic and aqueous phases rather than using the activities of aqueous phases prior to and after the contact with the organic phase which deteriorates the upper and lower limits of detection. The efficiency of the selected method was tested for the case of americium extraction by CyMe4-BTBP molecule in cyclohexanone from nitric acid medium. The BTBP agents, prospective for extraction of actinoides, are described in e.g. [10].
Experimental
Reagents and materials
Sodium carbonate, acetone, tetraethylene glycol, nitric acid, and cyclohexanone were of analytical grade. The solutions of 241Am were prepared by dissolution of americium dioxide AmO2 in 5M HNO3 with subsequent dilutions with distilled water as required. CyMe4‑BTBP was supplied by the University of Reading, UK.
The samples were deposited on flat bottom cupped stainless steel planchets with overall diameter 31.8 mm and overall height 2.4 mm (GA-MA & ASSOCIATES, INC., USA). Mixing of the samples with acetone was performed in 0.6 mL “MAXYMum Recovery” microtubes (Axygen Scientific, USA). Thin film 3516 Mylar (SPEX SamplePrep, LLC, USA) with thickness of 3 μm was used for sample coating.

Methods

Pretreatment of planchets

Planchets were pre-treated by soaking in 20% sodium carbonate solution overnight, washing with distilled and deionized water, rinsing with acetone, and drying under infrared lamp (maximum temperature 80°C).
Sample preparation

Simple evaporation:

10 μL of Am solution was transferred directly onto the pre-treated planchet.
Evaporation with acetone:

10 μL of Am solution was pipetted into the microtube and 40 μL of acetone was added followed by mixing with the pipette by aspirating and dispensing the liquid three times before deposition on the planchet.
Evaporation with tetraethylene glycol:

10 μL of Am solution was deposited on the planchet and 4 μL of tetraethylene glycol was added.
All samples were evaporated to dryness under infrared lamp, and heated in flame until glowed with dull red colour. Some samples were coated with Mylar film.
Measurement
Samples were measured using ORTEC® OCTETE Plus Integrated Alpha-Spectroscopy System (ORTEC, Advanced Measurement Technology, Inc., USA) with surface barrier silicon detector NUTRONICS ND.200.20.100 (area 200 mm2), (NUTRONICS, Ltd., UK) at a distance of 16 mm, and the spectra were evaluated by AlphaVision-32 Alpha Analysis Software (ORTEC, Advanced Measurement Technology, Inc., USA).
Extraction experiments
The liquid-liquid extraction experiments were performed by contacting 1 mL of 2M HNO3 (saturated with cyclohexanone) and spiked with 241Am (approx. 3.5 kBq per sample) with 1 mL of 5mM CyMe4-BTBP in cyclohexanone (saturated with 2M HNO3) for 24 hours on laboratory shaker KS 250 basic (IKA® Werke GmbH & Co. KG, Germany) at 250 rpm. Prior to the contact, a 10 µL aliquot was taken as a standard from the 1.01 mL of the aqueous phase prepared. After the contact, the phases were separated by centrifugation for 10 minutes at 4000 rpm and 10 µL aliquots of aqueous and organic phases were taken for the measurement. Samples for alpha-spectrometry were prepared as described above.
Results and discussion
Comparison of sample preparation methods
Fig. 1 and 2 show the influence of sample preparation method on overall count-rate measured and FWHM (full width at half maximum) resolution, respectively. The results, means, theoretical (based on the measured count-rates, only) and/or experimental (calculated from the replicates) standard deviations (σt and σett) of total peak areas and FWHMs are summarized in Tab. 1. The highest count-rate was achieved using simple evaporation method because of the highest counting efficiency resulting from the smallest spreading of the sample. Lower count-rates in the case of evaporation with acetone can be probably attributed to losses of solution in the microtube. In the case of evaporation with tetraethylene glycol, less uniform spreading of the sample over large area of planchet occurred. The decreased total peak area observed for these samples could then be caused by the respectively lower counting efficiency or by losses of 241Am during firing. As far as the resolution concerns, it is comparable in simple and with tetraethylene glycol evaporations, but it is about 20 % worse in the case of evaporation with acetone. Further, when compared with the other two methods, the disadvantage of evaporation with tetraethylene glycol is the time needed to evaporate the sample to dryness using an infrared lamp. Also, when heating on a hot plate, the samples stream down to one side of planchet when the surface of the plate is not ideally horizontal.
Influence of sample coating
Fig. 3 shows the influence of using Mylar foil coating on the counting efficiency, resolution, and peak position. It can be seen that in the case of a coated sample, the energy of the peak is shifted towards lower values by about 400 keV, from 5476 to 5075 keV, the value of FWHM resolution is more than doubled 44,7 vs. 93,7 keV, while the total peak area remains unchanged (within the measurement uncertainty), 930 and 957 counts per 10 minutes.
Extraction experiments
The deposition of standards and aqueous phase on pre-treated planchets led to relatively uniform small spreading of samples. On the opposite, deposition of organic phase led to nonuniform spreading over large area of counting planchet. Subsequently, untreated, just brushed to dispose dust, planchets were used for deposition of the organic phase leading to more homogenous smaller spreading. 

The result of extraction experiments are summarized in Tab. 2 where distribution ratios D = Torg/Taq and D´ = (Tst - Taq)/Taq, calculated from the total peak areas of aliquots of organic (Torg) and aqueous (Taq) phases, or aliquots of standards (Tst) and aqueous phases, are compared. It can be seen that within the experimental uncertainty, the values of D and D´ are identical. Hence, it can be concluded that, if proper care is taken of sample preparation, the efficiency of extraction may be evaluated by simple comparison of the ‑activities of organic and aqueous phases similarly to the experiments with gamma emitting radionuclides. 
Conclusions

Three methods of alpha samples preparation by direct evaporation and the influence on counting efficiency and resolution were compared. The method of simple evaporation of sample without using addition of any substance was evaluated as the fastest and most reproducible for both the aqueous and organic samples. This method was demonstrated to be employable for the evaluation of the efficiency of ‑nuclides liquid-liquid extraction.
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Figure captions:

Fig. 1 Comparison of α-sample preparation by evaporation: Total peak area

a simple evaporation

b evaporation with acetone

c evaporation with tetraethylene glycol

Fig. 2 Comparison of α-sample preparation by evaporation: Resolution

a simple evaporation

b evaporation with acetone

c evaporation with tetraethylene glycol

Fig. 3 Spectrum of 241Am for uncoated and Mylar foil coated sample

Table captions
Table 1 Comparison of α-sample preparation by evaporation
Table 2 Extraction of americium by CyMe4-BTBP (aqueous phase: 2M HNO3 spiked with trace amount of 241Am, organic phase: 5mM solution of CyMe4-BTBP in cyclohexanone, shaking time: 24 hrs)
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Fig. 2
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Fig. 3
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Table 1 

	                                             Counts per 10 min        FWHM (keV)

	Method
	Mean
	σe
	σt
	Mean
	σe

	Simple
	895
	30
	30
	41
	5

	Acetone
	853
	19
	29
	50
	18

	Tetraethylene glycol
	829
	71
	29
	40
	6


σt – theoretical standard deviation (based on the measured count-rates, only) 

σe – experimental standard deviation (calculated from the replicates)
Table 2 
	Sample
	       Standard
	Organic phase
	Aqueous phase 
	
	

	No.
	total peak area 
	resolurion
	total peak area
	resolution
	total peak area
	resolution
	D
	D´

	
	(counts per 10 min)
	FWHM (keV)
	(counts per 10 min)
	FWHM (keV)
	(counts per 100 min)
	FWHM (keV)
	
	

	1
	1040
	33.5
	904
	32.4
	762
	72.4
	11.8
	12.7

	2
	1018
	35.3
	918
	31.0
	765
	50.7
	12.0
	12.2

	3
	1048
	36.0
	940
	31.3
	778
	59.9
	12.1
	12.4

	4
	1003
	34.0
	909
	31.6
	788
	48.9
	11.5
	11.7

	mean
	1027
	34.7
	918
	31.6
	773
	58.0
	11.9
	12.3

	σ
	21
	1.2
	16
	0.6
	12
	10.8
	0.3
	0.4
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