THIS REPORT HAS BEEN DELIMITED
AND CLEARED FUR PUBLIC RELEASE
UNDER poD DIRecTIVE 5200,20 AND
NO RESTRICTIONS ARE IMPOSED UPON
ITS USE AND DISCLOSURE,

DISTRIBUTION STATEMENT A

APPROVED FOR PUBLIC RELEASE;
DISTRIBUTION UNLIMITED.,



Armed Services Technical Information Agency

YOUR FURPGSE so that it may be made available to other requesters. Your cooperation
wiil be appreciated.

T

i TR T --w--~ -

‘NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA
ARE USED FOR ANY PURPOSE CTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
GOVERNMENT PROCUREMENT OPERATIMN, THE U. 8. GOVERNMENT THEREBY INCURS

NO RESPONSIBILITY, NOR ANY OBLIGATiON WHATSOEVER; AND THE FACT THAT THE
GOVERNMENT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE

SAID DRAWINGS, SPECIFICATIONS, OR CTHER DATA IS NOT TO BE REGARDED BY
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING TEE HOLDER OR ANY OTHER [\i|
PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR.PERMISSION TO MANUFACTURE,
USE OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE PELATED THERETO.

Reproduced by
DOCUMENT SERVICE CENTER
KNOTT BUILDING, DAYTON, 2, 0KIO

~




Technical Report
3\ \ = © .
N} - &
o 1 . Contract N6onr-24109
NG iz
« I
LN -
N of
Q- .
¢ v

THZ ABSORPTION OF 180N AND IRON OXIDE I3 THE SOFT X-RBAY REQGION

U Reed 29/

PROPERTY OF R.D.
TECHRICAL LIBRARY

M, Parker Givens

Brian O!Briea

January 15, 195%



The Adsorption of Iron and Irom Oxide in the Soft ¥-Ray Region

I, Ixtroduction

In vhe procsss of x-ray abdbsorption by solide the energy of the light
quantum lll’ 1s used to raise an electron from its initial enerzy state iato
another state vhich is both permitted and ompty, The probahility that an
elactron will absord the snergy cf arm incoaing quantusm and be raissd to 1
vaocint strte of energy B 1e proportional to the Adsneity of psrmitted etates with
suerzy noar . Thie quantity ie usvally caliled N(B). The ultimets zoal of most
absorption seasurcmente is to furnish information vhich may aid in the sventual
determination of N(B) for the substance under study.

The wft x~ray region (or the extremes vacuum uitraviolet) ie suitabdle
for this work decause the c¢lactrons involved are 1lifted intoc the outer dands
from initial levels vhich are tufficiently narrov that their width may de
ignored. At the same time the total energy involved in the transgition 1s
considerabtly lose than 100 times the width of the upper energy dard, For tila

reason the spsotromster need not have unuenally high resclving pover.

II, Experimental Procedurse

Pigure 1 is a simplified dlagram of the aquipxant, The R:wlgad circls
4s one meter in radius. The plate holdor follows the circle and the oircle also
paeses through the slit. The grating of 30,000 lines per inch is tangent to the
Bovland circle. The angle of incidence is 55°. The source used for this work
wae & vacuum spark bstwveen copper electrodes operated from a 50-k? power supply.
The equipment e sseentially tae same as that used Yy Gkinner and Johnston® and

1 E.W.B, Skinmr end J, X, Johnston, Prec., Roy. Boc. (London) 4 ¥ 3, %20 (1937)




ONILNNOW 3ONZIAICNI 9NIZVY9
40 WVHOYIAQ OILVN3IHOS
I 34N914

ONILV YO




-2~

3

by Sanu.rao Vavelsngths vwere determined from known lines” in the copper spestrum,

2 EH, Sanner, 2, Physik ﬂt 523 (1935)
3 P. G. Kruger arnd F, 3. Cooper, Fhys. Rev, E‘_o 826 (1933)

The absorber w«as mounted on & small metal plate with & hole in it, and
this plate vas located just behind the = it,

The absorber coneisted of a thin foil of the samp.s supported op
celluloid. Iron foils were prepared by evaporation in vacyum; theee upon
exposure to air became iron oxide samples, Iron oxide prepared in this way is
generlly delieved to ks 102030 In ovdrr to obtain the absorptior dus 20 the
sauple 4t 1s sufficisnt %o compare the fransmission throvgh tw abeo rders, one
bYare celluloid and the other cslluloid coatnd with ths sasple. The two ;piece-
of calluloid wvere taken from the mame floating so that the celluloid films would
be as ideutical as possibdle,

The surface dentity of the sample in micrograms per sgquare centizstsr
wvas detormined by veighing. Nech individual sample vas n0V veighed, byt semples
of iron oxile prepared i microscope elids coverglasses vere carsfully weighed.
Ths optical density of these weighod films vas deterained on an Ansc.-Swesd
dsnsitomster. A ploi vas then mede giving surface dcneity versus optical
density. Yor the folls actvrally used, the optical denzity vas measured and
copvarted to surface density by means of this grsph.

The quantity of sampls to bs “3ighed vas about one miltligram. To
obtain an accuracy of a per cent the weighings must de accurate to a fev micro-
grams, In order to obtain this acouraqy s asthode established and recommsnded
by the analytic chmists vere followed curzfully.

Since the velghing and optical dsnsity measurement~ vers mpdse in air
tkay Geterminrs the surface density of iror oxide. To determime the surface



deneity 2 iron defore oxidation the results must be multiplied by the ratio
112/160 vhich is the fraction by weight of iron iz iron oxide,

Assuping that the dmsity of the iron or irom cxide in the thin foi})
wvas the same as its density in bulk, then the thickness can e calculated from
ths surface density.

The thickness may also Ve measnred Qirsctly by interferometric means,
The techniques for thie are well ntabluhodu°5°6 and need not be roviewsd hsre.

L Gunn, A, 7. and Seott, R, A., Juture }58. 621 (154€)
5 Tolansky, 8., Proc. Boy. Soc. 184, ¥1 (1945)
6 Tolansky, 5., Proc. Boy. Soc. }8%, 261 (1946)

This direct measurement differed from the previous indirect determination dy
luss than 5% vhich is at least as good as could bs expected. There is, there-
fore, 8o reason to believe that the density of iron oxide in ths €ilm differs
from the Mmlk density, As a remult of this coiparison ve were content to
determine the thicknees of the saxpies W the optical density method,

The iron sragles md to be protected from the oxidising effects of thra
ataosphere at all times. In order te transfer it from the evapcrator in which
it was propared tc the vacuus spactrograph in vhich the adbsorption was meamred,
a epecial vacuum tight container was constructed, Using the vacwum comtainsr
1% was possible to transfer the sample in léss iban ten minutee, during which
time the iron oxidised to a depth of less than 10 Angstroms. Once the sample
was in the vacunm spectrograph the oxidation reitewes too small te de measured,
Since most of thw samples were from 40O A to 500 A thick the oxidation of doth
sides vould mot comvert as much ss 5% of the iron to irom oxide.

The photographic exposure was determined dy counting the nuiber c¢f
sparks prodeced by the sznrea, and in a noramal run four sxposures \vero madis on



the same photographic plate. Three of these were msde through the plain cellu~
1lo4d fila vith the nusber of sparke irn the ratic of 4:2:1. The fourth exposure
vae meds through the film beariag the sample and usially mads with twico the
numder of spesrke as the lomgest exposure through the plain celluleid. Fypieal
exponures were 00, 1500, and 750 sparke through the plain film and 6000 sparks
through the sampie. 7Ths spark wes operated at conetant wvoitage and ae nearly
as possible at a conetant sparking rate of one per eecond. The plate was
developed vith good agitation s0 that all four expeosures received idemtical
procossing. Densitomecer traces vers then made from these spectra and measured
ia thé usal menner, Xodak 8. W. R, plates vere used.

The first three exposures vare used 20 determine ths response curve
of the photographic emalsion. AS euch vavelength thore are three pointe on the
mrvs, but the exposures are relative, not abdsoiute. Usiag different nﬁlonsthn
many such sets of pointe can be obtained, sad thess vere fitted into a smooth
response curve by matching exposurss at sverlspning dsneities, Finally the
absorption 1s dstermined by comparing the fourth asposure vith one of thes other
three using this respoass surve,

1X. 3ssulte and Iaterpretation

The rssults of thees lLivestigations are shovn in figures 2 and 3.
The data for tihose curves wvere taken from the piates which shoved he hest
taternal consistency along vith the abgence of air lines iu the spectrus, The
ordinutes ere indicated as Im(1,/I) where I, /I is the ratic of tie inoident
to the transmitted intecsity. Except for the sffects of reflaotion ané scatter-

ing this wuld bc the same ae !4.:: {adsorption coefficient times thicknees).
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Acocrding to Sahim’. vho dotermined the reflectivity of iron in the vacumm

7 Ssbime, 0. 8., Phys, Rev. 55, L06% (1939)

ultraviclet, the lossss due to reflection should be almost nsgligibls., The
10sses dus t0 soattering should be almost constant over ths wavolength region
used. The curves then should give a good indicaiion of the sslective ad3orption
in this region,

The resulte for iron are shown in figure 2. These wers odtained from
a film 220 Angetrome thick (having a surface density of 17.7 microgeams per
sguare centimeter). This curve has an absorption band which reaches half
anximus at 225 A or 54,9 eleotron volts, The width of the absorpiion dend at
lalf saximum 18 25 A or 6.8 ov. Ther. are tw poaks, ons at 216 A, the other
at 210 A, a separation of 6A or 1.7 ev.

We balieve that the absorption is doe to the tranzition of electrons
Zroa the filled de level of iron into the wvacanciee in the lk,,‘j and 31 bands..
These last two bands are the neerest bands (9 vhich transitions &ve Forajsted
hy ctae selection rules and which ars also unfillod. On the basis of this
assigmoent it 1s possidle to predict ths position of the sdsorption edgs from
date given in the Intsrnatiomal Critical !abl.us on ths limiting frequoncies of

& International Oriticsl Tablos. vol VI, page 35 (1929)

z=-ray lines or from the tarm values of the x-ray energy levels givan by Bohr
and Oon‘rg in their tables. These two ecurvee predict the edge at 218 A and

9 Bohr, X. ané Coster, D. Zeits, fo Phys. 12, 342 (1923)

228 A raspectively, This compares favorably with the observed value of 2°< *,

the theorsticcl separation of the NZJ levels may be calculated
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from the followirg fonnhm

10 Tuark and Ursy, Atoms, Molecules and Quants, p 256, NeGeaw-H111 (1930;

- 2 “r o? _ d 2
At 5 e-d) T+ 5 (24 ]
vhere Z is atomic number, O is fine structure constant, R 1s the Rydberg
coretant, and d is the sorsenirg oonstant for )(203 levele. This formula glves
1.3 volte to compare with our experimental value of 1.7 volts. Since this
agroement is comparatle to that usually odtained froz this formula we believe
tnat the obeerved dowbling of the absorption pesk is due to the doublet
structure of the l(2°3 level.

The results for iron oxide are shtovwn in figure 3. These results vere
cbtained from a film having 14.5 micrograms of the oxids per square centimecter,
or a thickness of 280 A. The {ron oxide curve is eimilar to the curve for iron,
but thsre are a few definita differences. The peaks are at 216 and 211 4, &
ssparation of 5A, instead of thes €4 Guserved with fron; thia Aifferonce is
prodably oxperimental error. Tho mean absorption odge for the nxide is at
218 A or 56.6 elecwron voiis and the width of the band at haif maximum s 10 A
or 2 s.v. Thue the oxide has its abdsorption sig=s at shorter wavelengths than
the 1 ron and also & narrover band, These effacts are too large to be experimental
arror.

We belisve that we are dealing with the mame electronic transitions
in ths oxide as were effective in the metal. Specifically, these are transitions
from the i2°3 {or 3p) levele of the irom atoms to the N, . (or 3&) amd the N,

(or Ys) levels. The high narrov absorption peaks are dus to transitions to the

&405 levels.
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1
Coster snd Kiestra have studisd the K sbsorpiion ¢f irom and its

St

11 Coster, D. and Kiestra, 8. Phyaica 24, 175 (1948)

S

oxides. Although their results cannot bo compared direcsly with ours, since
they were deaiing with different slect ronic transitions, 4t is interestinz tc
note that their curve for the oxide is quite similar in gonoral shupe Lo the
ons for the metal,

Ths absorption edge of ithe oxide 1s at 56,6 e.r., whereas the pure
metal has its edge at 54,9 e.v., & change of 1.7 e.v, Ia their vork on the K
sdge of these sudstancees Coster and Kiestra observed a similar btut larger shift,
Das Ouptau@ aleo, etudied the K absorpiion edgse of a numder of metals and

12 Das Oupta, X. Ird. J. Phys. 29, 226 (1946)

their oxides. He cdserved that in every case ithe edge was at higher energy for
the oxids than for the metel.

| The cbservation that the absorption bdbands are narrover for ths oxide
than for the irca is in keepirg wvith the t:nd theory of solids. Aceording to
this piotore the valence ievels are broadened into bands by the interaction

of sach iron atom with $iis meighbors, the band vidth i{ngreasing as the atoms are
brought clossr together., Iam the oxide the iron atoms (or fons) are more videly
separsted than in the metal &nd, bence, the bands are narrower. Das anbnu

13 Das Oupts, K. Iad, J. Fhys, 30. 129 (1947)

hes made an sxtangive study of this effect in metalis chlorides and show that
the outermost levels aesocinted with a given ion are broadenel the mo st wham
the overlap of tho wave functions of tho elecirons of these levels with those

of the same type 1on i the greatest.
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It appears that the results &r the Ma 2 obsorptica of iron and

s

iror oxide as given in this report are 5o nsistont with the results of

rolat 8d experiments.
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