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The chemical methods described in this paper have been developed for 

preparation of isotopic targets for bombardment by accelerator-produced ions. 

Three systems are compared: nitrate-, chloride-, and acetate-organic solutions. 

The best method was found to be the metallic acetate-organic solution system, 

evaporated onto the substrate in the presence of ammonia gas. A detailed 

procedure is given for this method. 

The targets obtained by the acetate-organic solution system are uniform and 

adherent. The hydroxide forms fine crystals of good quality for target 

thicknesses from a few ~g/cm2 to several mg/cm2.Thicknesses up to 5 mg/cm2 

of Eu as the oxide were obtained by this method. The process is simple and fast. 

1. Introduction 

Many techniques have been employed to make targets for accelerator 

b b A h "1,2 bl" t" 3,4 om ardments. mong t em are evaporatlon, vacuum su lma lon, 
S 6 7 8 9 electrospraying, " ion implantation, powder pressing, and 

electrodeposition or molecular plating,10-18 etc. Each has its own merits and 

drawbacks. 

For vacuum sublimation (using resistance or electron bombardment heating), 

electrospraying or ion implantation techniques, th~drawbacks are either the 

complexity of equipment or the difficulty of the procedure. With regard to powder 

pressing, a number of materials are needed to make the targets. 
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Molecular plating has long been used for the preparation of targets ana 

radioactive sources. The deposits are in most cases uniform and adherent. 

However, each layer cannot be more than 100 ~g/cm2 thick. In order to obtain 

thicker layers, the deposit on the backing material is calcined in a muffle 

furnace, and then the plating procedure is repeated. However, the overall time 

for this procedure for preparing thicker targets is very long. In addition, the 

deposits can be partially dissolved while the electrolyte solution is added to or 

removed from the cell and this can affect the quality of the target. In general, 

target thicknesses up to about 1 mg/cm2 can be obtained. The yield of 

deposition is usually from 70 to 90%. 

The method of evaporating a solution is very simple, but the trouble is that 

each drop which is evaporated can be dissolved by the addition of the next. For 

this reason, it is difficult to get uniform and adherent targets. 

One way to solve this main problem is to change the chemical form after each 

drop is deposited. For example, it is possibl~ to continuously convert the 

metallic salt into the hydroxide. This hydroxide can subsequently be converted to 

the oxide which is insoluble. The following sections are devoted to a detailed 

description of the experiments that were undertaken to determine the optimunl 

chemical conditions for taking advantage of this idea. 

II. Experimental 

2.1 Preparation of the feed solutions 

Most of the experiments were done with lanthanum and europium compounds; 

however, samples prepared with samarium, neodymium and praseodymium were of equal 

quality. 

J 
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Lanthanum nitrate, La{NO)3· 6 H20, was dissolved in dilute nitric acid. 

Europium oxide (purity 99%) was dissolved in dilute hydrochloric or acetic acid. 

In order to increase the solubility of Eu 203 in acetic acid, heating was 

necessary. 

The above acidic solutions were pipetted into centrifuge tubes and dried. The 

dry material was then dissolved in a mixture of water and ethanol. The resulting 

solutions were dried again. 

Finally, the dry material was dissolved in the different mixtures of organic 

solutions, forming stock solutions with concentrations of less than 0.2 mg/m1. 

2.2 Backing material 

The following thin metal foils were used as backing materials, aluminum (5 x 

lO-2 mm thick), beryllium (1.3 x 10-2mm thick), platinum (2 x 10-3mm thick). 

Prior to preparing the target, it was necessary to clean the backing 

material. Each foil was washed with HN0 3, H20, or acetone depending on which 

foil was used, by means of an ultrasonic cleaner. Subsequently, the foils were 

rinsed with alcohol or acetone and dried. The quality of the layers was excellent 

on the above substrates because the organic solution does not attack Al, Be, or Pt 

foils. 

2.3 Ammonia gas 

Concentrated ammonium hydroxide was poured into a plastic wash-bottle which 

could be squeezed to produce hydrous NH3 gas. An ammonia cylinder (anhydrous) 

~ was also used in the experiments, but it was found that for good targets the 

ammonia should be hydrated. 
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2.4 Other equipment 

A hot plate was used for heating the substrate. The temperature of the 

substrate could be controlled automatically, and was measured by an ion-constanten 

thermocouple. A muffle furnace was used to convert the hydroxide to the oxide at 

450-550 0 • The quality of targets was observed by means of a microscope (x5). 

2.5 Defining the area of each target 

In order to define the area of a target, a circ~lar paper disk (6 or 8 mm) was 

wet with water and stuck to the Al or Be foil. Orr-Lac (spray lacquer) was 

sprayed onto the substrate. After the lacquer had dried, the paper was removed 

from the substrate and the circular area was cleaned with ethanol. The advantage 

of lacquer is that it cannot be decomposed at 1300C, but it can be carbonized at 

450-550 0 C. 

2.6 The method of preparing targets 

The substrate is heated at constant temper~ture by a hot plate. The organic 

solution containg the metallic salt is dropped onto the substrate in 20 ~1 

or 25 ~l a1iquots. In order to get a uniform and circular deposit, it is 

important to control the evaporation of the original drops (1-3 drops). Because 

of the low surface tension of the organic solution, the best way to dO this is to 

keep the tip of the pipette in touch with the drop until it dries. 

As the drops of solution are being evaporated, ammonia gas is continuously 

blown over the surface to convert the salt into its hydroxide form. After each 

drop is dried, the next drop can be pipetted onto the surface without dissolving 

the previous material. In this way, the process is repeated until the target 

reaches the desired thickness. The target is then placed in an oven at 

J 
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450-550oC for 15 minutes to convert the hydroxide to the oxide form. This 

procedure works well for targets up to 500 ~g/cm2, but for thicker targets, more 

than 0.5 mg/cm2, it is best to built them up in layers of -200 ug/cm2 each, 

with conversion to the oxide after each layer is completed. 

II Results 

3. 1 Choosing the solvent 

To prevent introduction of undesirable impurities, all reagents used should be 

of the highest possible purity. 

Experiments indicate that using acidic solution as a solvent in preparing the 

targets is inadvisable, because each drop will dissolve the previously deposited 

drop, even after the deposit has been converted to the hydroxide form by NH3 gas. 

Pure water also does not work well as a solvent, although it easily dissolves 

the acetate. The main problem with water as a solvent is that the surface tension 

of the solution is too high and the evaporation of the solution is too slow. 

Furthermore, the target material cracks easily because the ammonium salt which is 

formed in the reaction of ammonia and metallic salts dissolves in water. 

It was found that an organic solvent system is more suitabl'e than an aqueous 

solution. As a result of comparing several organic solvents, such as acetone, 

ethyl ether, ethanol, isopropanol (2-propanol), isobutyl alcohol, butyl alcohol, 

ethylene glycol, toluene, and TTA-MIBK, isopropanol was found to be superior to 

the others. 

3.2 Nitrate-organic solution system 

Rare earth o~ other metallic nitrates react with ammonia gas to form the 

~ hydroxides when the solution contains water or OH-. The chemical reaction is as 

follows: 

La (N0 3)3 + 3 NH3 + 3H20 A ~ La (OH)3 ~ + 3 NH4N0 3 

2NH4 N03 2~OC " 2NH3 t + N205f + H20 t 
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The influence of the water content in the nitrate-isopropanol system has been 

studied for water concentrations in isopropanol of 2%, 5%, 10%, 15% and 20%. 

These experiments indicate that water causes nonuniform layers which tend to crack 

and peel off the substrate. 

When using ethanol-isopropanol as a mixed solvent, it was found that several 

grooves were ususally observed and circular cracking still took place with 

solutions in which the amount of ethanol was 2%, 4%, 6% and 8%, because a small 

quantity of water present in the ethanol can dissolve NH 4N03 which cannot be 

decomposed at lower temperatures. 

Pure isopropan01 also does not work well. Crystals of NH4N03 are formed 

and the NH 4N03 layers become thicker and thicker. A lot of small holes were 

left in the target after calcining at 450-5500C. 

The temperature of the substrate can be increased to more than 210°C during 

the pipetting of the solution. However, there are problems with the drop of 

solution sputtering off the substrate when the temperature is higher than 

180°C. Furthermore, the higher the temperature, the less favorable is the 

chemical reaction for producing the rare earth hydroxide. 

3.3 Chloride-organic solution system 

Rare earth or other metallic chlorides can also react with ammonia gas to form 

hydroxides when the solution contains H20 or OH-. The chemical reaction is as 

follows: 

Eu(OH)3 ~ 
+ He] i 
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Based on the same consideration as for the others, the influence of water 

concentration in the EuC1 3-isopropanol solution of 2%, 5%, 10% and 20% was 

investigated. Experiments showed that the main problem is a buildup of NH4Cl on 

the target because not all of it is removed by heating while the target is being 

deposited. Subsequent drops readily dissolve this NH4Cl and cause its 

\~ redistribution on the target face. The edge of the target was found to be thicker 

than the center and a lot of small holes were left after the calcining operation. 

The ethanol-isopropanol with chloride system has also been studied. 

Experiments were carried out with the amount of ethanol in isopropanol at 4%, 6%, 

8% and 10%. These experiments indicate that the NH 4Cl layer became thicker and 

thicker as the drops were added and the deposits partially dissolved in the next 

drop. Also, many small holes were produced after calcining. 

In the case of pure isopropanol as a solvent for EuC1 3, the next drop cannot 

dissolve the previously deposited drop. The crystals of hydroxide obtained in 

this case are much finer than those from the nitrate-isopropanol system. However, 

when the thickness of the targets is more than 500 ~g/cm2, many tiny holes are 

formed after calcining at 5500 -6000 C becasue of the decomposition of NH4Cl. 

If the targets are calcined after each 200 ~g/cm2layer, and the process of 

evaporating and calcining is repeated, the uniformity and adherence can be 

improved. 

3.4 Acetate-organic solution system. 

Rare earth or other metallic acetates are similar to the nitrate and chloride 

~ systems and make use of the following reaction: 

o B.P. 114 C .. 
.A 
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Obviously, the decomposition of ammonium acetate is much easier than that of 

ammonium nitrate and ammonium chloride. 

The EuAc 3-H20-isopropanol system has been investigated. Even if the 

isopropanol contains only 0.2% or 0.4% water, channels are formed as each drop is 

dried and cracking gradually occurs. 

The influence of different compositions of organic solvents on the quality of 

the targets has been investigated carefully. The results are listed in table 1. 

Experiments showed that the mixture of ethanol and isopropanol is better than 

pure isopropanol for the uniform dispersion of the target material. A good 

quality target was obtained by using the optimum composition: from 4% ethanol and 

6% isopropanol to 6% ethanol and 4% isopropanol. More than 8% ethanol in 

isopropanol will produce small channels. In addition, the surface tension of the 

solution increases and evaporation is slower. 

The solubility of acetate in isopropanol is r.ather small, but ethanol (proof 

190, water concentration 5%) increases the solubility of the acetate. 

Furthermore, it i~ beneficial in dispersing the target material. 

In order to obtain good Quality targets, the temperature of the substrate 

should be strictly controlled at 125 to l300 C. If the temperatu~e is too high, 

it is unfavorable for converting the acetate to the hydroxide because the organic 

solvent is vaporized too fast. If the temperature is lower than 1200 C, the 

vaporization of the water is slower, and tiny channels will form on the surface of 

the layers. 

Using the optimum composition of organic solutions, a number of Eu 203 and 

other rare earth oxide targets were prepared, most of them with thicknesses of 

more than mg/cm2. The crystals of the hydroxide or oxide forms are rather 

fine. If a drop of water is put on the surface of the target that is just 

finished, the deposits do not dissolve. This shows that the hydroxide has been 

formed and the ammonium acetate has been decomposed. 

, 
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By careful heating at 450-550 0C, oxides were formed which were extremely 

resistant against scrubbing and were not washed away by water, alcohol or acetone. 

Table 1. The effects on target quality of ethanol concentration in the 
acetate-isopropanol system 
Backing material: A1 foil Evaporating temperature: 125 - l300C 
Diameter of target: 8 mm Calcining temperature: 450 - 5500C 

Sample 
No. 

2 

3 

4 

5 

6 

7 

8 

Concentration of 
Ethanol in Isopropanol 

(vol. %) 

100% isopropanol* 
(no eth ano 1 ) 

2% ethano1** 
(contains 0.1% H20) 

4% ethanol 
(contains 0.2% H20) 

5% ethano 1 
(contains 0.25% H20) 

6% ethanol 
(contains 0.3% H20) 

8% ethanol 
(contains 0.4% H20) 

10% ethanol 
(contains 0.5% H20) 

20% ethanol 
(contains 1% H20) 

*Isopropanol contains 0.02% H20 

Target 
Thickn~ss 
(mg/cm ) 

1.00 
1.59 
3.37 

1.00 

1.00 
1.20 

1.00 
1.20 
5.00 

1.00 
2.50 

1.00 

1.00 

1.00 

Visual Observations 

Next drop cannot dissolve the 
previously deposited material. 
Dispersion is not good. 

Dispersion is not too uniform. 

Quality of each layer is 
excellent, very uniform and 
adherent, no cracking after 
calcining. Crystals of 
hydroxide are very fine. 

Very uniform and adherent. No 
cracking after calcining. 
Hydroxide crystals are very fine. 

Very uniform and adherent. No 
cracking after calcining. 
Hhydroxide crystals are fine. 

There are several small grooves at 
the center of target. 

Grooves 
dried. 
becomes 
tension 

appeared as each drop 
Evaporation of drop 
slower. Surface 
is higher. 

Many channels produced. 
Deposit flaky after 
calcining. Surface tension 
even higher. 

**Ethano1 concentration is 95% 
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IV. Conclusion 

Experiments show that the aqueous systems and water-organic solution systems do 

not work well. Comparison of the rare earth nitrate, chloride and acetate-organic 

solution systems demonstrate that the acetate system is the most satisfactory for the 

preparation of targets. This method solves the main problem - that each drop should 

not dissolve those previously deposited. The following procedures and conditions are 

recommended: V 

1. The rare earth compound is dissolved in glacial acetic acid at 80-g00e to 

convert it to the acetate form. 

2. The feed solution is pipetted into a centrifuge tube and dried. water and 

ethanol are then added to the tube and dried again to remov~ the acid. 

3. The dried material is dissolved in a mixture of ethanol (95% concn.) and 

isopropanol (the optimum composition is 4 - 6% ethanol in isopropanol). 

4. Prior to the preparation of the target, the backing material is washea and 

rinsed with suitable solvent by means of an ultrasonic cleaner. 

5. Lacquer is sprayed onto the backing material around a mask which defines the 

area of deposit. 

6. 20 ~l or 25 ~l stock solution is then pipetted onto the substrate by hand at 

125 - 1300e at the same time NH3 gas is gently blown over the surface. 

7. Repeating the process, the deposits are increased until the desired thickness 

is obtained. 

8. The target is placed in an oven and calcined at 450 - 5500 e to convert the 

hydroxide to oxide and burn off the masking lacquer. 

9. Thicker layers of target (>500 ~g/cm2) can be produced by repeating the 

deposition in 200 ~g/cm2 layers and calcining at 450 - 5500e after each layer is 

deposited. 

~ . , 
I 



This method is suitable for making targets at least as thick as several mg/cm2• 

It is simple, fast, and convenient. There is no loss of material during the 

evaporation of the solution. The uniformity and adhesiveness of the targets is 

comparable to that of molecular plating. 

We have designed this technique for the preparation of uniform and adherent 

~ targets, but it should also be admirably suited to the preparation of certain 

radioactive sources (such as a, B or y sources). 

This method is also well suited to the preparation of targets or sources in which 

tiny droplets are sprayed onto the substrate in the presence of NH3 gas. Some 

preliminary work has been started which demonstrates that such a technique will be 

very valuable. 

Besides the -lanthanides, it should be possible to use this method for other 

elements, such as the actinides and those elements that form alcohol soluble acetates 

and form insoluble hydroxides with NH3 gas. 
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