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ABSTRACT
A radicaiiy‘neﬁ tyﬁe of X-ray emissiqn spectrograph has been used to

’deﬁonstrate elementary analysis of milligram amounts of materials. Character-
iétic X;rays excited in an gnalytiqal specimen by nuclear radiations émitted

by a radioaétive source are absorbed‘in a liﬁhium-driffed semidonductor_diode

of silicon or germanium.. The pulse heights of the electrical signals préduced‘

in the circuit of wﬁich tbé semiconductof diode is a part are analyzed by a
‘;Qmultichannel pulse height analyzer'and displayed as a puise height or energy '~;

_épectrumf The capability of the new instrument is tested for the analysis of |

: repfesentative'elements in samples of milligram to 10 milligréms;magnitude.
It is shéwn that the new instrument holds much promise for rapid analysis of -
samples of this size and possibly of several orders sﬁaller size. ‘A combina-.‘
tion of Amgl%l exciting radiationvand silicon semiconducfor analyzing detector
is éonsidered useful for eiementsvin the atomic number range 20-68. For
hea&ier élements the combination of 0057 exciting radiation and a germaniuﬁ '

" detector 1s chosen. Advantages and limitations of the new analytical tech-

nique are discussed.
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INTRODUCTION

An attractive new teéhnique for x-ray emission spectroscopy has been

'udéscribed fécenfly.by Bowmén, Hyde; Thompson, and Jared.(l). In this technique
‘1 5 nuclear yéfay source of modérate sﬁrength is used to excite'charactéristic |
‘ﬂ J%'raysvof ﬁhé conétituent eleménts‘of én analytical specimen, and a lithium- .

: driftéd silicon or gérmaniumVsemiconduchrvdiode is used to analyze the excited
>. X fays. .Thelprinciple of the method is_ﬁresénted in Figure 1. Recent improve-
" ments ih:semiconductof Aetector manﬁfacture and in the associated electfoniC'

} vdircugtfy'have made it poééibié to génerate outputvsignal_pulses diréctly-pro-

'fpbrtionél tpxthe'ene?gy of the,inpuﬁ x‘rays with sufficient energy.resblution
}v'that X réys of neigﬁboring-éleménts caé be distinguished. The efficilency of

~ the detectors iies in the range 50-100 percent and the main limitations in

sensitivity arise from geometry factors and from various scattering and backs-

ground effeéts. The system has a number of advantages over more usual analyt-

-

iCai techniques which make use of x-ray tubes and analyzing crystals operating

. on ﬁhe,Bragg scattering principle. These factors are discussed in the cited

paper:(l).

It 1s the purpose of the present paper to demonstrate the performance

of the semiconductor x-ray emission spectrograph for rapid analysis of various

" materials at the milligram level. This is by no means the loﬁer limit of

sensitivity of the method, but it is a level ét which analysis is exceedingly

-, simple and rapid with apparatus presently available in our laboratory.

Equipment of equivalent or superior'ability to ours should be available

from commercial suppliers in the near future.
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EXPERIMENTAL, APPARATUS
Two aetectbr systems were used.: AAsketch.of the first is shoﬁn in
l,Figure 2; Avlithiumudfifted silicoleiode 1.4 cm. in diameterbwith a 2.5 mm.
‘,deep seqsitive layér’was mdunted in anvaiuminum housing behind a thin béryl- \
.liuﬁ window.‘ A preamplifier incorporating a field effect transistor (FET),
désignated 2N5825, was located,immédiately behind the silicon detecto;. The
I'FET served as the first stagelof a charge_sensitive'preamplifier (2). The
.' _detector was'maintained at about QlBOOC. and th¢ FET at liquid nitrogen teﬁp-é
‘ erature. The housing containing the semicdnductor dibde and the FET was e?éc-
uated. betéils of the FET preamplifier assembly are given by Elad (2).
. Standara‘commercial amplifiers were ﬁsed. |
‘ 'A Source of radioéétivé Amgu} waé prepared by depositing approximately

107

alpha disintégrations per minute iﬁ the bottom of hole in a lead cylinder

.f-of'h_mmf diameter. The activity was covered and sealed with‘epon cement. |
 Tﬁis Séurée was cementeﬁ'to the front surface of the beryllium window inw
front of the detector. A sample_hoider“was mounted a few millimeters from

. £he'opening.§f ‘c,heAmgul source. This holder consisted of a 2-1/2" x 3-1/2"

,a~;f/éluﬁinum sheet with a 1-1/4 in. hole punched in the center. A piece‘of.Scotch- _
brand taﬁe‘was placed across thié openiﬁgl The samples to-be analyzed werg
»Various chémical compounds of ﬁilligram‘size mounted on B/H in. filter papers.

: Theée filter papers were positioned in the middle‘of the opening in the sample
holder. ' |

Americium-241 is an alpha emitter with a half-life of 470 jears. The

alpha particles are totally absorbed in the epon cement over the source. In

: ol .
- addition, Am . emits the x rays and <y rays shown in Figure 3. These radiations:

L)
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A

.rcan be absorbed by the X or I electrons of any atom in the analytical sample
thosé electrons are lower in energy. This absofption results in the éjectioﬁ'
of a K or L electron and subsequently in the emission of a K or I x ray char-

acteristic of the absorbing atom.

A certain fraction of the secondary x radiation reaches the semi-

,‘conductor diode, where it is absorbed by the photoelectric_procesé, giving

2

rise to an'electrical'pulse proportional in energy to the absorbed x ray.

' Individual pulses are analyzed in a pulse-height analyzer and stored in the

memory of the analyzer. A commercial 400 channel anaiyzer was used for this

- puspose (3). ‘At the end of the data collection period, which was typically

only two minutes, the collected data were printed out on paper tape and

plotted out with a Moseley XY'plotter. The figures shown in this paper were
traced from the Moseley plots. In each experiment the gain controls of the

amplifier and of the pulse-height analyzervwere set so that the x rays of

'particular interest would be sultably displayed on the cutput XY plots,

The above apparatus is suitable for the analysis of elements from about

calcium (element 20) to erbium (element 68). For the analysis of elements of

‘higher atomic number, the apparatus sketched in Figure L was used.

The detector in the second set of apparatus was a iithium-drifted
germanium diode prepared at the Livermore branch of this Laboratory. It was a
1 X3 cm. crystal with a sensitive layer of 0.3 cm; The detector bias was
-2000 volté. The detector and field effect transistér (FET 2N3823) were

mounted in a vacuum chamber and operated at liquid nitrogen temperature. The

' detector was‘electrically'insulated from ground potential by means of an insu-

' lating rod which also served as a heat conductor. A 10 mil beryllium window
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covered the front wall of the chamber in front of the counter. The amplifier

and pulse-height analyzer units were the same as described above for the silicon

érystal'uhit. ‘
2 disintegrations per

A radioactive source of 276 day 0057 (~2 X 10
minute) was mounted in a lead block positioned in front .of the beryllium window.
Cobalt;57 detays by orbital electron capture and émits prominent ~y rays of 122
and 136 k.e.v. energy. These gémma rays lie higher'in energy than the binding
_'energy of ﬁhe X electron of any chemical element so that K x radiation of ény
element can be excited by them. For higher enérgyJK x rays, germanium is.é
more sui£able:detector than‘silicon becauée photon abg;rption is a strong

o7

function of the atomic number of the absorber. Hence Co primary radiation
 and a germanium detector constituté an excellent combination for excitation
and analysis of charééperistic x radiation of heavy elements. Of course the

o7

Co source could be used with the silicoh detector with a reduced efficiency.

EXPERIMENTAL PROCEDURE

“  A éeries of samplesAﬁag'prepared in thebfollowingiwéy}A Solutions of
‘ cdmpognds of‘single elements op-mixtures.oflglements were ﬁrepaied by dis-
‘ solvinngeighed‘samples in water and’diiuting‘to a definite &oiume in a cali-
vvbrate& flask. Measured aliquots of these solutions were pipetted into a test
. tube and mixéd‘wifh ammohiuﬁ hydroXide or othgr reagents £o form.an insoluble

_compounq.’ This compound was filteréd ontdla 3/L in. filter paper (Wattmann.

; No. ﬁd) gnd air dried.. The filtered deposit was covered with a 0.00025 in.
.Scotch-brand tape and mounted in the center of the i-l/h in. opening in the-

aluminum sample holder.

e
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The sample holder was placed in front of one of the SemiconductOf de-

" tectors and a spectrum of the characteristic x rays'wasAtaken for a period of -

" & few minutes. Then the sample was removed and a blank piece of filter paper

was mounted in the same sampie'holder. The multichannel analyzer was set on

"subtréct mode of operation and turned on for the same time period as used for

the sample itself. This operation automatically subtracted, channel by channel,

‘any backgroundICOntribution from scattered y rays or other sources. Then the

data were printedbout of the memory of the multichannel pulse height analyzer'

' ‘onto paper tape and onto graph paper by means of the Moseley XY plotter. The

results are shown in the form of tables and figufes.

- The purpose of the experiments was to demonstrate how easy or how dif-
ficult it is- to distinguish a particdlar element above the background at various

sample levéls. In particular we wished to show that most elements can be dis-

‘tinguished and estimated at the milligram level with equipment available at the

present time. For our'purpqse we have not deemed it necessary to make a de-

" tailed analysis of the errors which one would have to consider for routine

quantitative work. This is a new technique and it is cur belief that our curves

" and tables should be valuable in indicating its potential usefulness. - We wish

also to emphasize the simplicity of the system and, the rapidity of analysis.
Ours is = ﬁultidhannel éystem which collects and displays results 6n all ele-
ments simultaneously.

* The sensitivity levels which are indicated by our curves are far froh

the possible lower limits. The strength of this primary -~y source can be in-

~ creased, and its geometricel form and its location with respect to the semi-

14 .
conductor and the specimen can be altered to give an order of magnitude or
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',-perhaps several orders of magnitude increased sensitivity. There is also the

possibility of bettef designvin the dimensions and configurations of the semi-

conductor detectors. Any further reductions in electronic noise in the pre-‘
'Q amplifier or amplifier will cause further improvement in the energy resblving.

v . +
capability, which also will improve the sensitivity of the technique.

DISCUSSION OF RESULTS
In‘Figufe 5 and in all subsequent figures ;q this reﬁbrt, the absciésa
ié'given in units of pulse height. This is directlyiéroportional to energj,
" but the énefgy.scale'varied from figure to figure owing to the usé of different
’gain:settings on.the amplifier and pulse;height analyzer in differen£ runs.
.The energies of all pertinent x rays are‘éollected in Table III.
| The fesults for iron and yttrium are displayed in Figures 5 and 6,

respectively. It is clear that the K x-ray peak of these elements can easily

 be resolved from the background at the 1 milligram level and that significant

results can be achieved at the 0.1 milligram level. The yttrium and iron x rays

are strongly excited by the neptunium L x radiation in the primary radiation.
The preparatidn of the yttrium or iron in the form of a thin deposit 1s essen-
tial because of the strong absorption of their low-energy gamma rays in any

material. For the same reason the use of a thin beryllium window in front of

the detector is important.

TThe resolution achieved by our apparatus in most of these experiments'was
1.1 k.e.v. (full width at half maximum). ILater work in our laboratory re-
sulted in a reduction of this figure t0<0.7 k.e.v (M. Nakamura and E. Elad,

unpublished results).
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The energy resolutidn in these Curvész éxpressed as full width at half

‘maximum;'is 1.1 k.e.v. This resolﬁtion figure is approximately constant over
- the range ofwénergies reported in ﬁhis study. In the case of iron .:. oo
:'Qur resolution ié‘not.suf icient to‘separaté the components of the X x fays;'

L e.g., the Ko and KB groups of iron.

-The AgBr analysis shown in Figure 7 is interesting because the.K electron
energy of bormine lies lower than the energy of the‘Np L x rays coming from the

24 P : . ,
Am ;,source, whereas the K-electron energy of silver lies higher. Hence, the

-

—"bromine x rays are more strongly excited than the silver x rays which are pro-

" duced only by the absorption of.the 59.57 kie.v. -y photons. Nonetheless 17,000

X rays were'yecordéd in the XK x-ray peaks of silVer, showing that 10 mg. of
sil;er can easily.be analyzed; In the case of silver there ié:a clear separa-
tion of thé Ko and KB peaks.

In Figure 8 there appears the result of the analysis of a four-component
mixture of 5 mg. each of chromium, cobalt, zinc énd arsenic precipitated as
nixed hydroxides. These elements are separated by steps éf three in atomic

number.

Results for lanthanum are shown in Figure 9. The L x rays are excited

o ’ - 2k . ' :
" by the Np x rays coming from the Am 1 source, and‘the‘K X rays are excited by

- the 59.57 k.e.v. radiation. If we compare the K x-ray peak of the iO“mg.
 yttrium sample to that of the 10 mg. lanthanum sample (Figure 6) we notice a

. decrease in sensitivity for the heavier element. This is caused by the de-

creased gbsorption of the exciting radiation. The half thickness of 59.57

o k;efv. radiation in lanthanum is about 150 mg./sq. cm., whereas the half

thickness of a 17 k.e.v. Np x ray in yttrium is about 20 mg./sq. cm. Thus

the major fraction of the 59.57 k.e.v. radiation passes through the sample,
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and itvwould be possible to increése theicounting rate by use of a-thicker
sample. If the purpose'of an analysis is to measﬁre a small percentage of an
| elemenf és’héavy as lanthanum, an increased sensitivify could be achieved by
using a thicker samplg.
| Figure 10 shows an aﬁalysis performed on a mixture of rare-earth
hydroxides consisting of 5 milligrams each of lanthanum (element 57), tiesdym-
ium_(eleﬁent 60), samarium (element 62) and Holmium (element 67). The Ka4peak
fo eaéh element is observed. The KB peak of lanthanuﬁ_and neoaymium is buried
' dﬁder the Ko peak of the.nexf higher elemeﬁt. However, from the known shape of
'lthe KOoKpB spectgum of éacﬁ pure element it would not bé'difficult to make a

proper subtractioﬁ of the KB peak of one element from the K& peak of another.

A composite unresolved peak of L xlrays'is also observed. The heaviest élement,

',holmiﬁm, makes the major contribuﬁiop‘to this peak because the neptunium L
| ﬁ rays of ﬁhe.Am?ul Sourée are most sﬁréngiy absorbed in holmium.
| Figure 11 shows thelresﬁlts for g mixture of .1 mg. tantalum and 10 mg:
B niobium in‘the.form of the pentoxides. - The»silicongdetector was used, and the
counting‘périoa was two minqtes. The sﬁectrum‘shows'the_L x.rays of tantalum
' Separated from the K x rays of‘niobiﬁm. The K x rays of tantalum aré not ex-
. cited by tﬁev59.57.k:e.v. ylray of Amghl. We chose fo shé& this case because
‘it'is én exémple of a mixture whiéh.posesja difficulty in the traditional X-ray
.emissidn spectromeﬁer{ This difficulty arises from the fact that the second
order Bragg reflection.of the niobium K x rays occurs at the same Bragg angle
as the firéthrder refleetion of the tantalum L x rays.. This difficulty can
':./pe té£én Caré of by pulse-height analysis‘of the éutput'of the proportional
'i ; ?:counter used as the finél detecfbr éfter Bragé reflection. However, in the.

new system proposed here this interference difficulty never arises.
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The tantalum content of such a mixture can be better determined by

. exciting the X radiation of tantalum as is discussed below.

Figure 15 shows the performance of the Ameul and silicon detector com-

bination on a lead sample, taken as representative of heavy elements ‘Only'
the L x rays are excited, but the intensity of the L x-ray peak is large

because of the strong absorption of the neptunium x rays in the L-electron v

" shell of lead. Hence, this would be a sensitiveuwey to detect lead in a sample

which contained no light elements which could emit K x rays of the same energy.
Otherwise it would be better to excite.!lead K x rays and perform the analysis

with the germanium detector as is shown below in Figﬁre 15.

57

Now we turn to a discussion of the results with the Co”' and germanium .

‘detector compination. TFigures 13-16 show the results of analyses of'lO'milliﬁ

gram samples of lanthanum, gold, lead and thorium. In the last three the re-

- solving power of the system 1s sufficlent to separate the XK x rays into the

'Ka B Kai, Kﬁl, and KB2 groups. The subgroups of the KBl and K62 peaks are not

resolvedl The. separation of comparable X x rays of_neighboring elements is

several kilovolts in these heavy elements so that . it is possible for our equip-

’

ment to separate rather clearly the K x rays,of neighboring elements.

o7

The Co and‘germanium detector combination is excellent for selective

analySis of a heavy element in the presence of light element 1mpur1t1es As

an example of this we reanalyzed the tantalum-niobium mixture The analytical

R result, shown in Figure 17, clearly shows the X and KB groups of tentalum
"hstanding outlwell above the background.' There is no niobium contribution

- to these x;ray peaks. In fact niobium K x rays are off scele to the left.and{

. not shown in the figure.
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As ahother'example of the ease of'identificatiqn of a héavy element in
the presenée of numerous light'elements, we examined a stainless steel sample
. containing 2.4 percent tungsten. The_saﬁplevwas a polished block weighing many
grams.' We used the National Bureau of Standards sample 1187 with major.cdm-
ponents. of chromium,firon,;cobalﬁ,aandgnickel, The alloy also contained minor ~
.t'compoﬁents of sodium, manganese,kniobium,_molybdenum, tungsten, and tantalum.

We allowed the 0057

radiation £o shine on the surface of this metal block and
" analyzed £he excited K # rays with our germanium detector systém. As Figure 18
éhows, we had no difficulty in identifying the K x rays of the 2.4 percent
tungsten component. We did not observe theO;Oh-percéﬁt éomponent‘of téntalum;
" Our general conélusion is that an x-ray emission :: spectrometer con-
sisting of a radioactive source, a specimen, and a semiconductor detector is
capable of quahfitative analysis of single elements dr simple mixtures of ele-
ﬁents at the milligram level. The_analytical technigue is exfremely simple
and the analysis is completed within-a few minutes. With improvements, it is
likely that significant results can be obtained at sample sizes 1 to 3 orders
of magnitﬁde less. Analysis of cbmpléx mixtures of elements in the region
of iron will not be easy with the present apparatus, particularly fo; small
amounts of one element in thé presence of a mucﬁ larger amount of a neigh-
boring element. . For these elgments the higher resolution of tﬁe conveﬁtional
spectrometer céhsisting of an x-ray tube, an éﬁalyzing crystal‘and é-gOniométer
- will give superior results. However, if the atomic numbers of the constituent
eiements differ by j’or more, the semiconductor system has sufficienﬁ enérgy

discrimination to make a significant analysis of a complex mixture even for

light elements.



A11- . ~ UCRL-16578

For the heavy'elements the. new systeﬁ haé some.sfeéial attractive
feaﬁures: The conventional x-ray émissioﬁ spectrograpﬁs operating in many
analytical laboratories are not equipped With X-ray tﬁbes of sufficient voltage
to permit fhe_éxcitatibh of K x radiations of the ﬁeavy elements. In the new |
system there is no difficuity in exciting the K radiation with a properly chosen
nucléar 7 source.. The germanium semiconductor detectors with sgnsitive layers
of 3 ta 5 mm. are capable éf’absorbiné the K radiations of the heavier elements
‘with 40-80 percent efficiency (exclusive of geometry factofs, which afe far
” largerlthan in the conventipnal x;ray spectrograph). The KQ@! KG&,,KBl, and
‘K62 structure of the X radiation of the heaviest eleﬁénté can be élearly re-
soléed. _Furthermore, the average sepération~of the K x-ray groups of neigh-
boring‘éiements is three or more kilovolté, or thfee-fold greaéer than the
_resélutibn (full width at half maximum) of the detector. Hence, there is no
diffiCulty in separating one heavy élement'from its nearest neighbor.

The méasuremeﬁtfof heayy.elements énd light elements simultaneously’
in tﬁe same samﬁle is-espeqially simple...In some cases there is a real ad-
vantagexin thé use of the néw system. This is true particularl& when the
“ Bragg anglé of écattering of the k:radiation'of one element is identical'with

x the second order scattering angle'fof the x radiation of a:much lighter element.
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" FIGURE CAPTIONS

. lv  Schematic arrangement of a@paratus for excitation and measurement of

characteristic x radiations of an analytical sample. An encapsulated

2 57

or other nuclide) is positioned near the

Specimen to excite x rays in the specimen. A fraction of these character-

istic x rays reaches the lithium-drifted silicon or -germanium semiconductor

diode and produces an electrical charge. A field effect transistor (FET)

‘serves as the first stage of a charge sensitive preamplifier. The pre-

amplif?er output is linearly amplified and the pulse height is measured

bfand recorded in a multichannel pulse-height analyzer. That part of the

apparatus outlined in dashed lines is in a vacuum chamber and is'main-

. tained at low temperature.

- Fig.

Fig.

Fig.

Fig.

2.  Experimental arrangement of AmgLFl source, lithium-drifted silicon
'detector, and specimen to be analyzed.

' R L1
%. Gamma and x radiation emitted by Am2 . This spectrum was taken by

a silicon semiconductor detector with source shining directly into detector.

A 2 mm. thick plastic cover absorbed the alpha radiations. Intensities per

,

O disintegration of these radiations are as follows: 59.57.k.e.v. 7-0.56,

26.36 k.e.v. y-0.025, 13.96 k.e.v. x ray-0.12, 17.76 k.e.v. x ray-0.13, and

20.80 k.e.v. x ray-0.03.

o7

b, Experimentél arrangement of Co source, lithium-drifted germanium'

detector and specimen to be analyzed.

| " . » R 2l -
5. K x rays of iron excited by radiations of Am in samples containing

10 mg. ana_l mg. of iron and analyzed with lithium-drifted silicon semi-

~conductor detector. Two-minute runs. X-ray energies are given in.

‘Table III.
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B

6. K x rays of yttrium excited by radiations of Am . in samples con-

taining lO.mg., 1 mg., and l58_ug., respectively,vof yttrium and analyzed-

wiﬁh lithium-drifted silicon semiconductor detector. Tworminute runs

except for 158 pg. sample for which analysis time was 10 minutes. X;ray

enérgies are given in Table III.

b

: ‘ : , 5
T. X x rays of silver and bromine excited by radiations of Am “in

- 17'mg. AgBr and analyzed with lithium-drifted silicon semiconductor de-

Fig.

_‘Fig;

Fig.

Fig.

tector. Two-minute run. X-ray energies are given in Table III.

8. Analysis of mixed hydroxide sample containing'5 ng. each of thomium,
cobélt, zinc and arsenic (elements 24, 27, 50; and 33). K x rays éxcited
by radiations of Ameul andvanalyzed;with lithipm-drifted silicon semicon_

ductor detector. Two minute run. X-ray energies are given in Table III.

' 2k
9. K and L x rays of lanthanum excited by radiations of Am 1 in a 10 mg.

sample and analyzed with lithium-drifted silicon semiconductor detector.

Two minute run. X-ray energies are given in Table III.

10. Analysis of mixture of 5 mg. each of lanthanum, meodymium, gadoiinium,

L :
and holmium. K and L x rays excited by radiations of Am 1 and analyzed by

lithium-drifted silicon semiconductor detector. Two-minute run. X-ray
energiés are given in Table III.
11. Analysis of mixture of 1 ng. tantalum and 10 mg. niobium. The L

x rays of tantalum and the K x rays of niobium were excited by the radia-

241,

tions of Am and‘analyzed by the lithium-drifted silicon semlconductor

detectbr, The K x ray of Ta are not excited by the Amgul'source. Two-

minute run. X-ray energies are given in Table III.
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12. L x rays of lead exéited‘in 10 mg. sample by radiations of Am and

analyzed with lithium-drifted silicon semiconductor detector. Time of ruri—

two minutes. X-ray energies are given in Table III.-

o1 and

13. K x rays of lanthanum excited in 10 mg. sample by v rays of Co
analyzed with lithium-drifted gerhanium semiconductor detector. Time of
run—=two minutes. X-ray energles are given in Table III.

1k, K x rays of gold excited in 10 mg. samplé by vy rays of Co57 and

analyzed with lithium—drifted germanium semiconductor detector. Time of

run—two minutes. X-ray energles are given in Table III.

15. K x rays of lead excited in 10 mg. sample by v rays of Co5T‘and

analyzed with lithium-drifted germéhiumAsemiconductor detector. Time of

‘ruh-tquminutes, X-ray energies are given in Table III.

o7

16. KXK' x rays of thorium excitediin 10 mg. sample by <y rays of Co and
analyzed with lithium-drifted germanium semiconductor detector. Time of
run;;two minutes. X-ray enefgies are‘given’in Table IIi.

17.' Analysis of mixture of 1 mg. tantalum'aﬁd 10 mg. niobium. The K
X rays of tantalum were excitedvby the 122 k.e.v. vy ray of Co57 and

analyzed with the lithiam-drifted germénium semiconductor detector. The

X x rayé of niobium éreboff scale to.the left. Time of run—two minutes.

~X—réy energies are giveh in Table III.

18. Tungsten K x rays excited in N.B.S. standard sample 1187 by'CQ57

’

Y rays and analyzed with lithium}drifted germanium semiconductor sample.

Time of run-—two minutes. Tungsten.content 2.4 percent. X-ray energies

are giﬁen’in Table IIT.
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Table I. X- ray peak intensities in samples analyzed
by S“llCOﬁ semiconductor detector.-

- Sample - ’ Integrated counts in peak = Figure Notes
' (vackground subtracted)

10 mg. Fe as Fe(OH); A 21,280 ' 5
. 1 mg. Fe as Fe(OH)5 1, 465 ' 5
10 mg. Y as x(on), 31,161 é
1 mg. Y as Y(QH)5 3,376 6
158 ug. Y as Y(OH)3 » 2,487 6 10.0 min. count
8 mg. Br as AgBr 79,309 7
10 mg. Ag as AgBr . ‘17,104 ﬁ 7
10 mg. La as La(on); 6,607 | 9 K peaks
3,719 9 L peaks
5 mg. each ,La, as M(OH)5 2,857 10 KXo only
. /[N@ 2,651 | ‘10 Ko only
} Sm 2,299 .. . 10 Ko + B
§ - ’ '
\Ho 2,307 ' 10 K& only
1 mg. Ta as Ta205 L hs7 11 'L x rays .
10 mg. Nb as b0 ’ .. 15,031 ; . 11 K x rays
{
10 mg. Pb as Pb(OH)2 A 54,105 12 ' L x rays

R b .
In all cases, Am2 ; was used as primary exciting radlation. Runs were for two

‘minutes followed by two minutes of background subtraction unless otherwise stated.
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le IT. X-ray peak intensities in samples analyzed
by germanium semiconductor detector.

vIn.all cases

“Sample Integrated counts in peak Figure Notes
. - (background subtracted)
1 mg. Ta as Ta205 : _ 15,151 17
' 10 mg.'Nb.as Nb205 ---- Not on scale
10 mg. La as La(OH)5 8,522 : 13
. ;O.mg.”Au as_Au205-xH20 14,187 14
10 mg. Pb as PhO 7,362 ' - 15 Ko peaks
1,868 15 KB peaks’
10 mg. Th as ThO,, 9,789 . 16, X« peaks
1,925 .16 KB peaks
Co5’ v rays of 122 k.e.v. and 157.k;e.v. energy were used as pri-

mary exXciting radiation. Runs were for two minutes followed by two minutes of
‘ y g

‘background subtraction.
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. Table III. 7X-ray energies in k.e.v. .

UCRL-16578

0
.35

C 6o

8o
T

35

1105.61

12.89 -

Flement Koy . Ko, Kp, X8, Lo e Lry
2k - cr Sik2 5.4 1 5.95
26 | Fe 6.540 6.39 7.06'
27 Co 6.93 6.92 7.65
. Zn 8.64  8.62 9.57
As 10.5%  10.51 S O11.73
35 Br  .'11.92 11.88 A15.29
-39 Y 1k.96 1488  16.74  17.01
wm w 16,61 16.% . 18.62  18.95
L7 Ag 20.16 21.99 ok, 25.46
57 la 33,44 33.0b  37.81  38.74. . L.64 5.17 5.79
Na 37.3%6 36.85 L2.27 43,30 5.22 5.91 6.60
62 Sm. - | 40.13  39.53  U5.b2  b6.60 5.62 6.40 7.18
| _67" Ho 47,53 U669 53.86  55.29 6.70 - T.72 8.75
73 Ta 57.53 56.28 65.22 - 67.01 8!12 9.50 16.89
W 59.32  57.98  67.24  69.10 8.36 9.82 11.28
79 Au 1 68.80  66.99  77.98  80.18 9.67  1L.51  13.28
' .Pb Th.97 72.80 8.9k 87.36 10.50 12.62 14,76
93, 89.86 | 108. 69 15.91  18.98
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.








