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Abstract 

The photo electron nethod for determining the binding energies 

in atoms has been used at the Institute of Physics of Uppcala for 

some years. The method has been refined and now yields data more 

accurate than the X-ray absorption nethod. The photo electron nethod 

is furthermore very senoitire, un ato.de lay.r of 100 A tldcln^os ic 

enough to get good signal-to noiue ratio. Signals have been obtained 

from practically all elements in the periodic system from 5 Boron up 

till 92 Uranium. These investi gâtions have bean nade with an iron 

free double focusoing spectrometer. 

In order to investigóte the possibilities of the photo electron 

method ns an analytic tool for determining the relative abundance of 

elements a semicircular electron spectrometer with permanent magnet 

pieces has been made. The pole pieces of the spectrometer have a 

diameter of 60 cm. Two additional airgaps have been introduced in 

the spectromoter in order to achieve a better homogenity in the 

magnetic fiold and also to extend the homogenity over a greater part 

of the pole pieces. 

Attached to the spectrometer is an evaporation chamber which 

makes it possible to introduce an evaporated source into the 

spectrometer without exposing the source to air. 

The X-rays which arc used for expelling electrons from the 

source are nonochronatized by means of a bent crystal, it is 

possible to use both CuKa and LioKo radiation. 

The detection is made with photographic plates and the intensity 

ratios will be determined by counting electron tracks, 

Photo electron lines have been obtained from the K-she11 of 

Manganese the electrons being expelled by llofc^ and MoKo0 X-radiation. 
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Introduction 

The binding energy of electrone fron vnriouc shwlls in atona 

oon bo accurately dutenained in two vnya, the X-ray absorption and 

the photo electron method. 

In the uiddlu of the 1950'a a r«.acaren group at the Inatitute 

of Physica of Uppanla started n aysteuatic study of electron binding 

énergie» which now covers pratically the whole periodic syeten /1/. 

The resolving instrunent la a. 30 cn iron free double focuoaing 

spectroncter, which wna conntructed for this purpose /2/. The high 

resolving power of tide instrument together with sonc refincuents in 

the techniques have nade it possible* to git deteminatlone of binding 

energy values nuch nore accurately than those of the X-ray absorption 

method. Up till now 215 energy levels in 76 elements hay.' been deter¬ 

mined with un accuracy of a few tenths of an eV. The lightest element 

which has been examined io 5 Boron and the heaviest 92 Uranium. A 

binding energy table covering the whole periodic oyoton based on 

photo electron aeasurenents has been published /3/. 

Since the photo electron method has proved to give good electron 

signal-to-noist ratio fron nil elemente it would be of great import¬ 

ance if the method could be used in quantitative analysis of the 

relative abundances of elements in compounds especially for the light 

elements where the X-ray fluorescence method io impossible to use. 

The double focussing spectrometer is equipped with an X-ray 

tube, especially built for the spectrometer. From this tube the 

X-radiation consisting of characteristic and continuous radiation 

irradiates the sample. The contribution from electrons expelled by 

the continuous X—radiation gives a rather liigh background. 

In order to get an accurate determination of the relative 

intensities of different electron lines it would therefore be 

desirable to use a curved crystal for uonochronatizing the X- 

radiation. This would give an increased oignal-to-noiso ratio. 

However, this is not possible with the prisent geometry of tlic 

spectrometer. Wc have therefore built a oeoicircular spectrometer of 

the permanent magnet type with a fairly large dinmeter, i.c. 60 cm. 

This type of spectrometer has the advantage of being able to analyse 

a large energy region at the saut time, using photographic registra¬ 

tion. This would of course be of greet practical importance when 

studying compounds of different elements. 7ith this type of instrument 
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on« con al.o une conDcrcinl X-ray tubos and curved crystals for the 

nonochrouatlsatioR, This coobinntion of uonochroantiiud X-rnys and 

a spectrograph with high resolution have never been tried before. 

Design of the- pernanont ongnot electron opc-ctraucter 

The uagnet 

Since this spectrometer would be used preferably in annlysinf 

electrons with low energy it was given a rather unconventional design. 

The couaon way of building a semicircular spectrometer of the per¬ 

manent type is demonotrated for instance by Sltitls /4/. 

In the present type the vacuum chamber of the spectrometer also 

serves as iron yoke for the magnetic return flux. The chamber 

consists of a 15.0 re thick cylindrical shell of diameter 680.0 

am and height 106.0 oj and two plates of thickness 10.0 m. The 

cylindrical shell has 6 openings which will be explained later on, 

sec fig. 1. Since it has boon our purpose to make a spectrometer as 

light and noat as possible without disturbing the magnetic field, the 

plates had to be strengthened in order to restore the air pressure 

when the spectrometer is under vacuum. Two aluminum plates of a 

special design have therefore been glued on the ironplates of the 

vacuum chamber. The epoxy cousioted of 100 parts of Araldit AY103 

and 8 parts of Araldit HY951. 

The pemonent magnets were delivered from the Swedish firm 

Pogersta and of their quality Ticonal Gg. These magnets are made in 

cylindrical pieces with diameter 22.5 iu and height 14.0 in. The 

magnets were placed upon the iron plates of the vacuum chamber. Each 

layer contains 73 pieces. As seen from fig. 1 the permanent magneto 

are kept fixed in their positions through an aluminum matrix. Upon 

each layer a circular iron disk of 600 mm diameter and 5 ua thickness 

is placed. The polo pieces have a diameter of 600 on and a thickness 

of 15 mm and are placed with an airgap of 5 ixa to the thin iron disk 

in question. We believe that these extra air^aps have had a substan¬ 

tial influence on the houogenity of the magnetic field. 

The distance between the polo pieces is 29 cm. The two pairs 

of iron disks have been polished flat to within 0.01 » and the 

variation in thickness is loss than 0.005 mm. Spacers mad. of brass 

have been inserted between the disks. 
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The aagnetizattoa coils contain each 64 windings of cotton- 

covered copper wire. The wire has a rectangular intersection with 
2 

dimensions 3x2 am , The average value of the r» dius of the coils is 

323 uu. The position of the coils can be seen in figure 1, A power 

supply, which gives a naxinua DC current in the coils of 85 Amperes, 

is available. 

The nonufacturing of the coils has required a conplicated 

procedure. Since in this design the coils have to be placed inside 

the vacuum chamber it is necessary that the coils have a low de¬ 

gassing effect. The problem was solved in the following way: 

The copper wire was wound on a bobbin made of brass. An aluminum 

foil was placed about 3 am above the last winding layer on each coil 

and tightened to the bobbin. Then the coils were placed in a vacuum 

chamber which was evacuated down to about 10 torr. After a reasonable 

tine of pumping the coils were filled up to the aluminum foil with an 

epoxy (100 parts of Araldit F (CY 205), 100 parts of HY 905, and 10 

parts of DY 040) maintaining the sane pressure 10 torr. The coils wer*, 

then placed in an owen at a temperature of 150°C for about 30 hours. 

After that the aluminum foils were taken away. In making the coils in 

this way it was possible to avoid enclosings of air which would have 

damaged the desired vacuum properties of the coils. 

As mentioned earlier, the vacuum chamber also serves as iron 

yoke. It has 6 openings which can be seen in fig. 2, Connected to 

these are 

1* Ionisation gauge head mid an air inlet valve, 

£, Connections to the magnetization coils and a tumable coil for 

measuring the magnitude of the magnetic field, 

3# The plate holder, 

4, The vacuum pump system, 

5, The evaporation chamber through which the source holder can be 

slid into the source position, 

6, An air tight window for the I-radiâtion ond a directing equipment 

into which the plate holder con bo slid. The position of the plato 

holder is very well defined. 

The plate holder 

The position of the plate holder can bo scon in fig, 2, In front 

of the photographic pinto which has the dimensione 17x298 hl? a ahutter 

system is placed. It consists of two doors which con be operated from 
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outside the spectronoter. Each of then can be put closed, half-open 

or open which nakes it possible to expose the photographic plate by 3 

sections along its lengths Behind the photographic plate an insulated 

brass plate Is placed» It can be put at high tension in order tc 

accelerate electrons with low energy. Through a hole in the back of 

the plate holder the source holder can be slid into its position 20 

taa behind the plane of the ohotographic plate. The source position 

relative the photographic plate is reproducible to around 0,01 nu. 

In front of the source position and in the sane plane as the photo¬ 

graphic plate two aovable baffles of brass arc situated. Lead shields 

are placed between the source position and the plate position and also 

behind the position of the plate holder in the spectroneter /fig. 2/, 

The evaporation chaobor 

The evaporation chanber can be seen in fig. 3. A valve aakes it 

possible to shut off the evaporation chaubcr froc the spectroueter. 

The source holder can be slid through the evaporation chanbcr into 

the spectrometer, The source holder can also be taken out fron or put 

into the evaporation chanbcr through a valve without breaking the 

vacuun in the systen. The evaporation unit, i.e. tungsten boat plus 

® ®lit systen which makes it possible to chose an/ desired source 

width, can be slid into the evaporation position through a valve in 

the bottom of the evaporation chanbcr without breaking the vacuum. 

The source holder can be slid through a hole in the evaporation unit 

towards the slit and placed in a fixed position which is reproducible 

to around 0.01 en. The heating of the boat is made with DC current 

from the power supply which is also used for the magnetization. The 

vacuum in the evaporation chamber is better than lO”^ torr. 

The vacuum eyetern 

a he vacuum System consists of an Edwards one stage rotary pump 

with a displacement of 8,7 a?/h and a peruanent gas ultimate vacuum 

better than 0.005 torr and an Edwards vapour diffusion pump of the 

fractionating type with a pumping speed of 300 1/s and a total 

ultimate vacuum better than 5.10"7 using Edwards Silicone oil No 

705. The vacuum in the spectrometer chanbcr is better than 2.10^ 

torr after 1 hour of pumping. 

Temperature control 

In order to get a magnet field which is constant in time it is 

very important that the permanent magnets maintain constant tempera- 
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turc. Two covere nade of plaetic have therefore been placed outside 

each aluninuu plate /see fig, 3/, The covers aro connected to each 

other, Tenperature controlled air is then allowed to circulate in 

the systeo. 

X-ray equipuent 

A Philips PW1009 D.C, X-ray diffraction generator is available 

for the high tension to the X-ray tube. We have now two different 

tubes, one with copper anod and the other with aolybdomia anod. 

They are both of Philips fino-focus type. The aonochrouatizing 

crystals are bought fron Seifort, The crystals arc nade of quartz 

with reflecting plane (idîl), 

Meaouroqçpts of the uagnetlc field 

The honogenity of the uagnetic field has been ueasured for 

various nagnitudec of fields. 

We have found that the absolute deviation fron the average 

value of the uognctic field is aluost the sane for 20 and 39 gauss 

and only slightly nore for 100 gauss, Host of these. deviations were 

found to be due to inperfections in the pole pieces. The greatest 

field gradient is less than 

0,035 /b/cu B * 20 gauss 

0,030 /í/ca B * 35 gauss 

0,014 /¿/en B » 100 gauss 

Thu field is honogenous up till the last 2 ca of the pole piocos. 

This excellent result is due to the extra airgaps, 

Prelluinary results 

Since it is our purpose to detect low energy electrons (5-10 keV) 

wc have been studying the sensitivity of uany different cnulsions. At 

this tine we have got photolines with 2 different plates, nncely 

Kodak SWR and CEA X-ray filu, Wc are now going to test Ilford G5 and 

K5 cnulsions. 
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