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The Absorption of Iron and Iron Oxide in the Soft X-Bey Bag!on 

S«, Introduction 

In *he process of x-ray absorption by solids the energy of the light 

quanta* Af is assd to raise an electron froa its initial energy state into 

another state which is both permitted and empty*    The probability that an 

eli»otron will absorb the energy of an Incoming quantum and bo raised to % 

vacant strte of energy * la proportional to the density of permitted otatea with 

energy near S»   Shie quantity is usually ealled 8(1}„   The ultimate goal of aost 

abaorptlon aeeeureasnts is to furnish information which nay aid la the eventual 

determination of I(S) for the substance under study,, 

She soft x-ray region (or the extreae vacuum ultraviolet) le suitable 

for this work because the electrons Involved are lifted into the outer bands 

frca Initial levels which are sufficiently narrow that their width nay be 

ignored,,   At the sans time the total energy involved in the transition la 

considerably lees than 100 tiaea the width of the upper en«<Egy band0    ?er this 

reason the spectrometer need not have nn^vaally high resolving power*. 

XXo Xxperiacntal Procedure 

figure 1 is a slaplifled dlagran of the equipment,, The Bcwl&ad circle 

is one aster in radius. The plate holder follows the circle and the circle also 

peases through the slit* The grating of 30„000 lines per inch ie tangent to the 

Bow lend circle The angle of incidence le 8^, The eouree used for this work 

wae a vacuum spark between copper electrodes operated from a 50-k? power supply,, 

The equipment le easentially the same aa that used by Skinner and Johnston   and 

1   BeV.Bo Skinner end J* S, Johnston,, Proc. Boy, 8ocD  (London) A 36  3,M ^20 (1937) 
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2 3 by Sanner .    Vavelengthe were determined from known lines    in thr copper spectrum* 

2 H, Sanner. 2« Phyeik $U, 523 (1935? 

3 P. 0. Kncir and F. S. Cooper, Pbys, Rev. UUtt 826 (1933) 

The absorber <*a« mounted on a •mall metal plat* with a hole in lt0 and 

this plate was located Just behind the ti.it. 

The absorber consisted of a thin foil of the sample supported oc 

celluloid.    Iron foils were prepared bjr evaporation in wneuua; these upon 

exposure to air became iron oxide samples.,    Iron oxide prepared in this way is 

generally believed to be FegO*»    In order to obtain the absorption due to the 

ea-v.pl* it is sufficient to compare the transmission through two absorbers0 one 

bare celluloid and the other celluloid ooatnd with the sample a   The two piece- 

of celluloid were taken from the same floating ao that the celluloid films would 

be ae Identical as possiblet, 

The surface density of the sample in Alcrogramo per square centlmster 

was determined by weighing.    Inch individual sample was act weighed,, but samples 

of iron oxide prepared ss microscope slide eoverglasees were carefully weighed,, 

She optical density of these weighed films was determined on an Aaec->Sweet 

densltometer*   A plot was then made giving surface density versus optical 

density.,   ?or the foils aotrally usedD the optical density was measured and 

converted to surface density by means of this graph, 

Tfre quantity of sample to be vsighed was about on* milligram.    To 

obtain an accuracy of a per cent the weighings must be accurate to a few micro- 

gramoo    In order to obtain this accuracy the asthode established and recommended 

by the analytlo ohenists were followed carefully. 

Sinoe the weighing and optical deaeity measurement* wer» aade in air 

tfeey determine the surface density of iron oxide.   To determin* the surface 
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dsssity ©f iron before oxidation the results out be Multiplied by the ratio 

112/l6o which 1* the fraetlon by weight of iron is iron oxide. 

Assuring that tho doneity of tho iron or iron oxide In the thin foil 

m tho saae no lte doneity la bulk, thon tho thickneee ean "bo oaleolatod froa 

tho surface density,, 

Tho thlekaeio any also bo aeasored directly by Intorforoattrle neons. 

Tho techniques for thlo aro voll established *""   and nood not bo reviewed hero. 
 .._....! II —       I W rT   1 1 1       —       T "III II I I     IB. 1111  

U   Ooaoo A. r„ and Soett0 H„ a,, luture 15§» 6» (19^6) 

5 Tolaneky* 8O0 Proc. Boy, Soc. }g*t hi (ljUf/) 

6 Tolansky, «.. Proc Boy. Soc„ 1§£, 26l (I9h6) 

This dlroet aeasureaeat differed froa tho previous indirect doteraination by 

luss than 556 which is at least a* good ae could be expected.   There Is, there- 

fore, no reason to believe that the doneity of iron oxide in the flla differs 

froa the balk density.,   as a result of this co&parieon we wore content to 

deteraine the thickneee       of the) eaaples by the optical doneity aethodv 

She iron enapls lad to be protected froa the oxidising of foots of tt* 

afc.aoephere at all tiaee„    In order to transfer it froa the evaporator in which 

it WAS prepared to tho vaeuun epaefcrograph la which the absorption was aeasarod0 

a epeelal vaeuua tight container was constructed.,    Using the vaeuua container 

it wae possible to transfer the eaaple la less than ten alautee, daring which 

tine the iron oxidised to a depth of less than 10 Angstroms.   Once the sample 

wae la the vaeuua epeotrograph the oxidation rstewes too snail to be aeasurede 

Since aoet of t!*s eaaples were ftoa 1(00 A to 500 A thick the oxidation of both 

sides would not convert ae aneh as 90 of the iron to Iron oxide*. 

The photographic expoeuro was deteralned by counting the number cf 

sparks produced by the e?n*ee. and in a noraal run four exposure* vero naGe on 



ths SUM photographic plats,    thro* of thsss vsrs avtds throng tho plain cellu- 

loid film vith tho nastier of sparks In tho ratio of W«2ai,   Tho fourth exposure 

was amds through tho flln bearing tho sanpls and usually aade with tvieo tho 

naabar of sparks at tho loagsst exposure through tho plain celluloids   typical 

sxposurss vsrs y»O0v 1500 c. and 730 oparko through tho plain film and 6000 sparks 

through tho saaplsc    The spark ws* operated at constant voltags and ao nearly 

as possihls at a constant sparking rats of oao par second*   Ths plats was 

developed with good agitation so that all four exposures received identical 

processing*    Sensltoastsr traoss «srs than aade froa thsss spsotra and aoasurod 

is ths *mml aanasro   Xodak 8„ W, B, platos vere atsdo 

Ths first thrss szposurss vsrs ussd to dstsmins ths respssss carve 

of tho photographio saalsloa?   at sach vaveleagth tbeirs ars thrss points on ths 

carve* hut ths szposurss ars relative,, not absolute.   Being different vavslsngths 

•any such ssts of points can hs obtained* and thsss vsrs flttsd into a saooth 

response curve by aatohlag expoaurs* at overlapping dsnsitlso,   Finally ths 

ahsorptioa is dstsralasd by ooapariag ths fourth exposure with ons of ths other 

three using this rsspoass curveu 

XIo Sssults and la*«rpretatloa 

Ths rssulto of thsss investigations aro shown in flgorss 2 and y, 

The data for thsss curve* vsrs taksa fron ths platos which staved ths b*s« 

internal eonoistsacgr along vith ths ahsonos of air linos la ths spoetruc«   Ths 

ordlnatoo ars lndieatod as   ln(I0/l)   vhsrs X0/S it ths ratio of tho Incident 

to tho transalttsd intensity*   Ixeept for tho offsets of reflection and seat tar- 

ing this vould hs ths snus as ux (absorption eosfflolsnt tlass thickness). 
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Aceerdins to Sabi.we , who deterained the reflectivity of Iron in tho vacuua 

7   Sabine, a. •„, Phys, Bor,, 550 106U (1939) 

ultraviolet,,  tho looooo dno to reflection should ho alnoet nsgligible«    She 

looses dno to scattering should bo alaost constant oror tho wavelength region 

used.    The curves thoa ohoold give a good indication of tho selective absorption 

in this region.- 

Th* results for iron are shown in figure Z„    These were obtained fron 

a filn 220 Angst rone thioJc (hawing a surface density of 17«7 alerogmas per 

scjaare centimeter).    This curve has an absorption band which reaches half 

•aritiMi at 225 A or 5U»9 electron volts0    Tho width of the absorption bend at 

half anal ana lo 25 A or 6,8 or.    The?   are two peakSo one at 21 fe A„ the other 

at 210 A0 a separation of 6A or lo? ••- 

Ve belleTO that the absorption is das to the transition of electrons 

txom the filled ML _ level of iron into the vacancies in the 1C     and X   bands,. 

Theee last two bands are the nearest bands to which transitions a?» psra&ttod 

by tho selection rales and which are also unfilled^   On the basis of this 

assignee* nt it is possible to predict the position of the absorption edge froa 
6 

data given in tho International Critical Tables   oa the limiting frequencies of 

8 International Oritloal Tables, wol TI„ page 35 (1929) 

x-ray lines or fro* tho t«ra values of the x-ray energy levels given by Bohr 

and Coster' tn their iahlesc    These two sources predict the edge at 218 A and 

9 Bobr0 ». »»* Coster, Do Zeito0 f. Phys* 12, $*Z (192» 

228 A respectively*   This compares favorably with the observed value of 2"E % 

The theoretical separation of the M? , leveie say be calculated 
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from the following; formula 

10   Kwartc and Urer, Atoms, Molsculoo and Quanta, p 256„ MeQr*.*-Hin (1930* 

where 2?  is atomic number0 OC   is fin* structure constantv   B it the Rydberg 

constant,, aad  CC it the screwing constant for M2 , levels*   This fomula glvet 

lo3 rolte to compare with our experimental value of 1„7 volts°    Sine* this 

agreement is comparable to that usually obtained from this formula we believe 

that ths obeerved doubling of the absorption psak is due to the doublet 

struct are of the Mg , level, 

the results for iron oxide are shows is figure 3,.   Theoe result s vsre 

cbtained froa a fila having 1U„5 micro&raas of the oxide per square centimeter „ 

or a thickness of 280 a0    The iron oxide curve ie sloilar to the ?«m for irona 

but there are a few definite differencesc   The peaks are at 216 aad 211 a, a 

separation of 5A„ iastaad of the 6i observed with irons *his difference is 

px-obably experimental erroro    The aean absorption eflge for the oxide is at 

218 a or 5606 electron voiis and the width of the band at half maximum is 10 A 

or 2 e.v,    Thus ths oxide has its absorption edge at shorter wavelengths than 

the iron and also a narrower band,    These effects are too large to be experimental 

error. 

Ve believe that we are dealing with the aaae electronic transitions 

la the oxide as were effective in the aetalc    Specifically„ these are transitions 

froa the M. , (or 3*) levels of the   iron atoms to the it. ,. (or 3d) and the I, z„3 * "*o7 
(or Us) levelsv    the high narrow absorption peaks are due to transitions to the 

M^ - level So 
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Goster and Kieetra     have studied the X absorption of iron and its 

11 Coatar, D. and Xlastra. 8. Physlca }&a 179 (IS1*) 

oxidee»   Although tbair results cannot b* coopered directly with om*a0 since 

they were dealing with dlffarant electronic transitlone, It ia interacting to 

note that their curve for the oxide ia Quite eiailar in general shape to tha 

one for tha natal D 

Tha absorption edge of tha oxide la at 5606 e„r„ whereae tha para 

aetal baa its edge at 5^<,9 a0vei) a change of 1.7 e.v.    In their work on tha I 

edge of theae eubataneea Coatar and Kieetra observed a similar but larger shift. 
12 

Dae Oopta    « aleo0 studied the X absorption edges of a auaber of natala and 

12 Baa OoptSo K- J»d- *. «V». 2» 226 <19^> 
senasasissaissassse*«ss«-s-»•«•-•e^^i^"OMMi»*»»*^-aessssssa*aMMMem 

their oxidsao   8e observed that in every eaae tha edge was at higher energy for 

tha oxide than for tha aetal. 

Tha observation that the absorption banda are narrower for tha oxide 

than for tha iron la in keeping with the V«nd theory of solids*   According to 

thia picture tha valence levels are broadanad Into band? by the interaction 

of each iron a ton with lea neighbor •, the band width increasing aa the atoms are 

brought oloaer together,   la the oxide tha iron atoas (or iona) arc acre widely 
13 asparatsd than ia tha aetal and, hence,, the bands are narrower.,   Bee Gupta 

j. ... 11 is in., nil HUSH IH-_.II.   •!!   1     [••w 11      rinjwiiir.-i    1 1- r " 11'    ' 1        1 n im "j iwm ,..      .—   -   "   1 i " '" '   

15   3aa Oupta. X. Xnd. J. Phye. Jg. 129 (15*7) 

baa aada an extensive a tody of thia affect laaatalic chlorides and show, that 

the outeraost levels associated with a given ion are broadanad the aost whan 

tha overlap of the ware functions of tha electrons of those levele with those 

of the aaaa typo ion la the greatest, 
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1% appears that the results Jbr the M_     absorptisa of iron and 

iron oxide as given la this report are consistent with the result* of 

related experisisnts 
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