CESKOSLOVENSKE SPEKTROSKOPICKE SPOLEENOSTI PRI ESAV
“
¢isLo 15 CERVEN 1973

V obdobi od 6.prosince 1972 do 20.bfesna 1973
potddala Ts.spektroskopickd spolednost pri GSAV tyto akce @

5.schilzi zdjmové skupiny pevného stavu v Praze

18.schizi atomové sekce v Bratislav&

12.schizi zdjmové skupiny lokdlni el ektronové mikroanal yzy
Semind® o mikrovlinné spektroskopii v Praze




. ATOMOVA SEHCE |

18. pracovni schiize se konala dne 9.bfezna 1973
v Ostavu anorganické chemie SAV v Bratislavd. Schizi F{idil
Ing.J.Stefanec CSc.

Na programu byly pifednddky :

E.Pl¥ko s Geologicky dstav FF UK, Bratislava :

Stanovenie Htatistickfch parametrov spektrochemickjch postupov
2a poulitia prevddzkovych vsoriek.

Po rozvedeni vstahov opisujicich logaritmicky normél-
ne rozloZenie vyaledkov sa podévaji rovnice umoXnujice vypolet
Standardnej odchylky s vysledkov ziskanfch z paralelnych merani
na rdznych vzorkdch. V dalSom sa na stanoveni striebra v ehalko-
pyrite testuje lognormalita roaio!onia, ako aj lognormalita roz-
lokenia obsahov uvedeného mikroprvku. Poukaguje sa na zévislosi
presnosti spektrochemického stanovenia od koncentrdcie, prilom

'ako pri¥ina jej shorBenia pri vyBSich koncentrdecilich sa ukasuje
sakrivenie prislunej kalibra¥nej krivky v ddsledku vlastnej ab-
sorpcie. Zéverom sa diskutuji moPmosti uplatnenie uvedenjch po-
stupov, ktorych hlavnou vyhodou je, %e pra zistenie presnosti
nie Jje potrebné vykonat zalhavé opakované merania.

M.Mathernny, Katedra analytickej chémie,
Hutnickej fakulty VST, KoZice : Vjznam sledovania matrixefektu
v_porovnévacich vzorkdch.

V prvom rade sa diskutujd metody sledovania matrix-
efektu, pri Zom sa zdSraznuje vyznam stanovenia tzv. vanddovych
teplotnych indexov. V dal¥on sa diskutujy Bpecifické problémy
priebehu kalibradngch funkcifi. Zddraznuje sa, Ze aj po uskuto¥-
neni korektie na pozadie u analytickej, alebo i u porovnédvace]
¥iary, nemusi test linearity poskytovat kladny vjsledok. Linea-
rita sa v takychto pripadoch naruduje neidentifikovanym matrix-
efektom jednej porovnévacej vzorky. V préci sa poukazuje na to,
Ye prednostne uZ pri vybere porovndvacich vzoriek (etalcnov) Je
treba tieto kontrolovael metédow vanddovych indexov na mieru ma-
trixefektu. Pre kondtrukciu kalibralnyeh funkcii slobodno pouZil
iba také porovndvacie vzorky, ktoré vykazuji Statisticky potvrde-
ny Jjednotny matrixefekt.

A. Svehla, Oravské ferozliatindrské sévody,

Istebné : Strudnd chargkteristika zdrojov chyb a porovnanie vy-
sledkov pokusov 8 fotoelektrickeou a fotoggafickouAreggatréciou

u niektorjch kiskovych i préskovych vzoriek ferozliatin a tro-

siek.

Pri posudzovédni vplyvu registrécie spektra bola
vypoZitand relativna hodnota smerodajnej odchylky (1,09 %) cha-
rakterizujica fotograficky proces a inZtrumentdlna chyba foto-
elektrického pristroja (0,62 %). Pri analyze volfrémovyech tro-
siek na WO3 bo]l zisteny podiel in3trumentdlnej chyby fotoelektric-
kého pristroja (0,2 %) a fotografickej registrécie (1,7 %) na roz-
ptyl A Y (potazne Y,) hodnot.

Na 3tyroch druhoch vzoriek FeSi 75 %, ktoré sa 113i-
11 homogenitou i fyzikdlnym stavom bol pri spektrometrickej ana-
1§ze na Al 3tudovany vplyv fyzikélneho stavu chemickej a fyzikél-
nej homogenity vzoriek na preanoa{ stanovenia. Relativne najne-
homogennej3ie vzorky vykdzali stredni kvadraticki chybu v % kon-
centrdcie 10,4 a 8,9 %, relativne homogennd vzorka 4,7 % a prés-
kovéd vzorka (briketim) 6,3 %.



Vplyv nehomogenity vyrazne prev§sil vplyv fyzikél-
nehe stavu vzorky (kvalitu odiskrovacej plosky).

Kompletnym Ztatistickym posiddenim sa dokézal pod-
statnf rozdiel vo vysledkoch spektrometrického stanovenia Al vo
vsorke zala¥enej segregalnymi vplyvmi a briketke v hodnote kore-
la¥ného koeficienta (0,18 a 0,95) tvare obrysovej elipsy ( ¥ /P
1,22 a 6,95) 1 hodnote s,/C (15,4 % a 9,7 %), ako aj v hodnotéch
rosptylov pri &tddiu kalibradnej priamky. Kompletné Btatistické
pastdenie i vypolet kelibra¥nej priamky s prisluinymi testami
bole prevedené pomocou univerzédlneho programu na samolinnom po-
Eitali so silasnym zakreslenim experimentdlnych i vypo&itanych
ddajov na kreqliacon zariadeni politada Gier.

"Vplyv osvetlenia spektrdlneho pristroja (beZnou
tro jrondenzorovou optickou sistavou a HZoBbvkgvim restrowym kon-
denzorom) sa v¥znamne prejavil u relatfvne homogennych vzoriek
(z0 4,7 % na 2,5 %; zo 6,3 % na 3,8%), veimi mélo u nehomogen-
nej vzorky (z 10,4 % na 10,3 %) pri spektrometrickej analyze
FeSi 75 ® na obsah Al.

Vplyv stabilnosti budiacich podmienck na presnosi
i sprévnost stanovenia bol #tudovany pri spektrometrickej (pou-
2ity elektronicky riadeny zdroj FES 26 od fy. RSV z NSR) i spek-~
trografickej (be%né klasické ziroje ABR 3 a DG 2) analyze FeCr
na ocbsah Si a FeCrC na obsah Mn, Kompletnym Statistickym posi-
denim sa potvrdil vyznamny rozdiel u ty¥chto zdrojov najma v ko-
relacii (0,95 a 0,57) tvare obrysoveJ elipsy (6,04 a 1,99)

v hodnote ortogondlneho regresného koeficienta (1,20 a 1,47)
i1 hodnote 8,/C (10,4 % a 33,8 %) pri stanovent Si v FeCr.

Pri #tddiu kalibradmych prismok sa stabilita bu-~
diacich i optickych podmienok prejavila najma na hodnotéch sme-
rodajnej odehylky charakterizujicej reprodukovateinost opakova-
nfch paralelnych odpdleni i intervale spolahlivosti.

Zéverom moino zhrnﬁ%, e podiel zistenej indtru-
mentéiuej chyby fotoelektrického pristroja &i chyby fotografic-
kého postupu na celkovd chybu nie je podstatny a Ze rozhodujdci
vplyv maji chyby spdsobené fyzikélnym stavom, fyzikdlnou a che-
mickou nehomogenitou vzoriek ferozliatin a trosiek, nestabil-
nostou ¥innosti budiaceho zdroja, nestabilnostou postupu 1&tok

do vyboja a Ziastofne aj osvetlenim pristroja.
Progremy pre samodinny pofitad su k dispozicii
u Ing.Schiessla, prom.fyzika, 5Dv0 Bratislava.

E.Krakovskd,M.Matherny, Katedra
analytickej chémie Hutnickej fakulty VST, Kodice : Sledovanie

z8vislosti zmien étatisficgich parametrov rozptylovych diagra-
mov a kalibralnych funkcii Zasovo-rozkladajicou technikou.

Metodou &asového rozkladu sa sledovali spekiroche-
mické vlastnosti MgO-matrixu, kde sa sledovali spektrochemické
vlastnosti &iar Al, Ca, Fe a Si vo vztahu k Co-porovnévaciemu
prvku. Pri budeni v obliku striedavého pridu sa vyskisali za po-
uZitia anodickej polarizécie dve varianty; menovite 50 zdpalov
za sekundu a 25 zdépalov za sekundu. Za tychto experimentdlnych
podmienok sa stanovili parametre rozptylovych diagramov a para-
metre kalibra®nych priamok, ktoré sa pcdrobili Statistickému
testovaniu.

Vysledkom 3tatistického hodnotenia je, Ze sa doké-
zalo Ze za nevyhodmi &ast budenia treba prednostne povazovat
obdobie 1,5 ms od zaZiatku zapdlenia oblika a Ziastoine aj po-
sledny 0,8 ms periody horenia. Pri vylu¥eni tychio Zasov sa do-
sahuje v priemere 3tandardnéd odchyika hodnoty s vV rozpati od
0,015 a% 0,030.

J.Kubovéd,E P1l8ko , Geologicky ustav
PF UK, Bratislava : Vplyv d{%ky homogenizécie vzorky na presnost

vy¥sledkov sgektrochemickej‘analizx.

V tvode predndZky sa rozoberaji moZné vplyvy pdso-
biace na presnost vysledkov spektrochemickej analyzy. Tieto moZ-
no rozdelit na vplyvy experimentdlnehe zariadenia a na vplyvy
nehomogénnosti vzorky. Sledovali sme presnosi opakovanych stano-

_veni vybranych mikroprvkov v antimonite, magnezite a kremilita-

novej hornihe. Vzorky sme homogenizovali v achétovej miske s
vmitornym porovnévacim prvkom a uhlikovym préskom rézne dlhé do-
by (1, 3, 5 a 10 mimit). Pre jednotlivé pripady sme stanovili
Standardné odchylky a tieto 3tatisticky porovnali. Z vykonanej
analyzy sme zistili, %e za danych podmienck nie je potrebnd



dlh#ia homogenizécia neZ 3 mindty. Okrem tcho sme zistili, Ze
8 dobou hamogenizovania sa menia i hodnoty O Y. Znamend to, Ze
Standardy a vzorky Je potrebné vZdy homogenizoval rovnalki dobu,
pretoZe v opa¢nom pripade mdZu vzniknil systematické chyby.

E.Martiny,E, P1l18ko,V.Stresdko,
Geologicky ustav FF UK a Geologicky ustav SAV, Bratislava :

Statistické vyhodnotenie vysledkov analyz silikdtovych hornin
analyzovanych atomovou absorpénou spektrofotometriou.

Pri stanoveni prvkov metddou AAS, podobne ako pri
ostatnfch anslytickych metodach treba po¥ftat e ur¥itymi ndhodi-
1ymi i systematickjmi chybemi, Nakolko AAS v poslednej dobe sa
stédle viac a viac vyuZiva pri rieSenf{ analytickych uloh spoje-
nych so zistovénim zlofenia geologickych materiélov, bola veno-
vané pozornost spolahlivosti vysledkov tychto analyz.

~ Ked skutoXné koncentrécia "c" sledovaného prvku mé
byt %o najspolahlivejdie zistend, tak momentélna redlna koncen-
trécia

e, & ¢ b .8, (1)

kde e, Je odchylka spdsobené chybami pri véZeni, pipetovéni, na-
sévénim do spektrofotometru a pod. RozloZenie hodnot c, sa pova-
%fuje za lognormélne.

V atomovej absorpcii sa ako analyticky signdl sledu-
je absorbancia ktord cez Beerov zdkon sivisi linedrne s meranou
koncentréciou. Ofakévand absorbancia

A, = Kcg (2)

kde konstenta "K” sa pova’uje za nezévisld od koncentrdcie a Jej
hodnotu za znému. Zmerand absorbancia "A" suvisi potom s o¥aké-
vanou absorbanciou "A " podfa :

+
A = Ao- eA (3

kde e, Je odchylka absorbancie. Dosadenim rovnice 1 a 2 do rovni-
ce 3 této mé potom tvar
A = K(c+te)+e (4)

prifom odchylka od koncentrécie mdZe mat * charakter. Z rovni-
ce 4 potam vyplyve, e vziah medzi analytickym signdlom "A" a
hiadanou koncentréciou vzorky "c” je zataZeny nielen chybamt sta-

novenie absorbancie, aviak na %o sa fasto zabida, i rozdielom
medzi reélnou momentélnou koncentréciou prichéddzajicow do pri-
stroja a skutoZnou koncentréciou zodpovedajicou obsahu sledova-
nej zloZky vo vzorke.

Pre Atatistické vyhodnotenie vysledkov stanoveni
Mn, Fe, Ca, Mg, Na a K v silikétovych bézickfch hornindch boli
pouZité visledky z 20 prirodnych vzoriek s premenlivym chemic-
kym zloZenim (analyzovené paralelne) a analyzy Standardov W-1
a bazaltu (ZGI), ktoré boli analyzované 20 krét metodow AAS.

Pri zislovéni presnosti boli vypo¥itané prislu¥né
5tandardné odchylky za predpokladu lognormélneho rozloZenia. Re-
lativne 3tandardné odchylky ako pre referenéné materidly tak i
pre prirodné vzorky sa od seba zésadne neli&ia.

Pri zistovéni sprévnosti vysledkov analyz referent-
nych materidlov boli porovnané priemerné hodnoty s doporudenymi.
Vypotitany bol interval koncentrécii zodpovedajici ndsobeniu i
deleniu druhym momentom lognormélneho rozloZenia, v ktorom sa
vysledok nachddza s pravdepodobnosiou zodpoveda jicou rozmedziu
$tandardnej odchylky. Hodnoty doporuienej literatiry pre sledo-
vané #tandardné referentné materiély leZfa vo v3etkych pripa-
doch v uvedenom intervale. S toho je moZné ustidil s dostatoZnouw
statistickou istotou, Ze hodnoty sledovanych prvkov stanovenych
metodou AAS nie su zataZené systematickymi chybami.

Zajmové skupina automatické spektroskopie

Ve dnech 5. aX 9. b¥ezna 1973 byl jiZ podruhé uspo-
F4dén v Ostravé kurz automatickéd spektrometrie. Kurz pofédal
spolu s USSS Dim techniky CVTS v Ostravd; za Us.spektroskopic-
kou spolednost jej vedl Ing.K.Kubon.

Pro d®astniky kurzu byl vyddn piepracovany a doplné-
n¥ sbornik, ktery je dobrou pamickou pro pracovniky kvantometric-
kych laboratofi.

Kurz byl rozdé&len do dvou &dsti :

V prvn{ %4sti se d2astnici seznémili s teoretickymi



zéklady optické a rentgenové spektrometrie, metodikou rozbord
atd. Bylo pfedneseno 10 pfedndBek.

Druhd &ést trvajici t¥i dny byla vé&novéna praktic-
kjm cvidenim v kvantometrickych laboratofich ve VZKG, NHKG a
TZ VRSR v Tinci.

Zéjmovd skupina lokdlni elektronové mikroanalyzy

12.pracovni schize se konala dne 20.biezna 1973
ve Vyzkumném \stavu pro sdélovaci techniku A.S.Popova v Fraze.
Schigi ¥1dil Ing.F.Storek.

Na programu byly tyto pFednddky :

F, Od eh nal, Vfgzkumny dstav stavebnich hmot,
Brno ; Priprava preperétd pro sledovénf v elektronovém ¥ddko-
vacim mikroskopu.

P¥i studiu struktury silikdtovych hmot pomoci
elektronového Fédkovacihe mikroskopu poufivéme veorku upravené-
ho Jako :

1. Lom pevnym vzorkem, pfi Eem% Zasto lomové plocha je lepténa.

2. Nébrus pevného vzorku, pifevé¥n¥ s naleptanou nébrusovou plo-
chou.

3. Préskovy preparit.

4, Zanrazend kade.

5. Neupraveny preparét, sledujeme-1i povrchovou vrstvu.

Takto piipraveny preparét je nutno pfipevnit na
hlinikovy stolek kruhového tvaru (u Cambridge Stereoscanu pri-
mér stolku je 12 mm a dovoluje pfipevnit prepardty do vysky
10 mm a primé&ru stolku). Takto pFipevnéné preparéty nelze je&td
sledovat v elektronovém rédkovacim mikroskopu, nebot dopadem
primérniho svezku elektrent na vzorek venikd el. néboj, ktery
nutno odvéd&t, aby se sledovand mista nenabijela. V problemati-
ce silikétovych hmot se dokonale vodivé prepardty vyskytujf
ojedin&le. Z tohe divodu opatfujeme zpravidla povrch sledovanych

preparétd tenkou vodivou vrstvou, ktera zajiﬁuje odvod vznikaji-

ciho ndboje i pfi vy#3im urychlovacim napé&ti a soufasné gzachové-

vé4 vérnou fotografickou podobu povrchu vzorku.

Vodivou vrstvu na povrchu vzorku ziskdvéme dvéma zplsoby :

a) nédstiikem : Pouiivé se spray s vysokym obsahem stfibra, ale
gastéji hlinfku.

b) vakuovym napaienim vodivé vratvy : Nejiast&ji se pouZivaji
tyto materidly : hlinik, gzlato, Au-Pd, stiibro,
m&d, uhlik.

M.Moravec , Vizkumny iudstav sd&lovaci techni-

ky A.S.Popova, Praha : PouZiti elektronového mikroanalyzétoru
(EMA) a elektronovéha Fédkovaciho mikroskopu v mikroelektronice.

Uvodem byla podéna informace o mikroanalyzétoru
fy Cambridge, Mark IIA, z roku 1962.

V elektronice se HMA pouZfivé ke stanovovéni makro-
komponent v polovodifovych materidlech a ke kontrcle jejich ste-
chiometrického sloZeni; déle k urlovéni nefédoucich pifm&si, zde
musi byt EMA ¥asto nahrazovdna jinymi metodami (hmotové analyza).
DileZitym vyuZitim EMA je sledovéni koncentrainiho spédu Jed-
notlivyeh slo¥ek epitaxnich filmd sm&rem od substrdtu k povrchu,
protoze tento gradient ovlivnuje daldf pouZiti v elektronice
(diody, svitivost). Vlastni analyzy se provédi na kolmfch nebo
8ilkmych vybrusech, bud metodou pomalého sniméni nebo krokovou
bodovou analyzou.

Uodobnym problémem je studium mnohavrsivovych struk-
tur ("supermii%e™), které se sklédaji z pravideln& se opakujicich
velmi tenkych vrstev (fédové mikrony) dvou rdznjch materidld
(GaAs @ GaP). Pokud rorliBovaci schopnost nepresdhne tloudtku
Jednotlivé vrstvy (u nds 3 ,um), 1se z prdbZhu velmi pomal ého
snimén{ a bodovych analjz stanovit polet a tloudtku vrstev a Jje-
Jich sloZend.

Zvlé5tni kapitola byla vinovéna problematice analy-
gy tenkych vrstev, hlavné dvéma metodém, u kterych neni t¥eba
gnét tloustku analyzované vretvy. Metoda DjuriZova je vhodné pro
bindrni filmy, je v ni gahrnuta korekce na vliv substrdtu, aviak
Jeji pouZiti je omezeno na oblast linedrni zévislosti mezi rtg.
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intensitou a tloudltkou filmu. (Pro slitinu B0 % Ni, 20 % Cr na
keramickém substrdtu p¥i 20 kV je tato oblast aZ do 1000 £.)
Philibert navrhl pro dvouslofkové filmy metodu vypoitu z poméru
intensit obou prvki, naméFenjch soulasné v jednom bodé vzorku.
Ob& metody vyZadujf, aby byly k disposici standardy z Eistych
prvkd o znémfeh tloudtkéeh.

V.Laichter , Vyzkumny ustav sdélovac{ tech-
niky A.S.Popova, Praha : Sledovéni nehomogenit v GaAs Fadkovaci
el ektronovou mikroskopii{ pomoci luminiscen&niho modu.

Vedle vyuZiti nap&tového kontrastu v ocbrazu sekun-
dérnich elektron a elektromotarickéha kontrastu ve vodivostnim
modu nachdzi p¥i aplikecfch v elektronice své uplatndni i lumi-
niscenni mod, zejména p¥i sledovéni polovodivych materidld ty-
pu AIIIRY, V nasich laboratoffch byl predmétem zkouméni galium-
arsenid, ktery vykazuje vyraznou katodoluminiscenci v blizké in-
fraZervené oblasti. Po kratiim teoretickém rozboru mechanizmu
uvaZovaného jevu byl diskutovén vztah popsany Caseyem a byla
hleddna zévislost luminiscen®ni uZinnosti na koncentraci volnych
nositeld proudu. Z experimentd vyplynulo, Ze tato zévislost Je
zcela prekryta lokélnimi vlivy rlznych nefistot a krystalovych
poruch. Zésluhou lokélnich zm¥n v luminiscen¥ni dZinmosti bylo

-mo¥no vydetFfovat v katodoluminiscen¥nich mapédch fluktuace v roz-
d&leni stopovych pfim&si a prisediky dislokadnich &ar s povrchenm
vhodn& upravenych vzorkd GaAs, jak bylo pfedvedeno na Zetnych
diapositivech. Vzorky byly prohlifeny v Fédkovacim elektronovém
mikroskopu JSM-U3, jako detektoru katodoluminiscence byl pouZit
fotondsobi® s katodovou citlivostf{ S-1, urychlovaci nap&ti bylo
gvoleno 25 kV a proudy vzorkem se upravily asi na 1,5 . 10'8 A,

Z v§sledkd se dosp&lo k zévEru, Ze vyuZitim katodoluminiscené-
nich vlastnosti GaAs lze zviditelnit s rozliZenim 3 - 5 ,ua s
pomérné velkou citlivost{ tzv. ristové pruhy vznikajici teplot-
nimi fluktuacemi na rozhranni tavenina - pevnd létka p#i pé&sto-
vén{ krystelu, ddle sidla dislokaci 8 vysegregovanymi piimésemi
2 jiné nehomogenity &i poruchy mfiZe, jakoZ i mechanické poBko-
geni povrchu jako jsou nap#. zaleBtZné ryhy po ledténi.
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MOLEKULOVA SEKCE

Z4jmové skupina spektroskopie pevného stavu

5.pracovni schize se konala dne 20.unora 1973
v Ustavu radiotechniky a elektroniky {sAvV v Preze. Schizi
$#1d4il RNDr.A.Vasko DrSc.

Na programu byly tyto prednd¥ky :

A. Bo hun , Ostav fyziky pevnfch 1dtek TSAV,
Praha : Absorp®ni a emisni jevy létek v kondensovaném stavu.

Okolem referdtu je ukédzat na n8kolika vybranych
pfikladech ufitenost pou?iti optické spektroskopie pro Yeseni
problémi spojenych s absorp®nimi a emisnimi pochody v pevnych
1étkéch. Hlavni pozornost je vénovéna uloze kationtovych a
aniontovych piimési.

Prvni %&st referdtu ukazuje, Ze pomoci méfeni ab-
sorpénich p¥ip. emisnich kfivek na systému alkalickjch haloge-
nidd, dopovanych olovem, thalliem, m&di event. ionty transitiv-
nich prvki, ve form& roztoki, krystall nebo tavenin, lze stano-
vit model pfim&sového centra a Jjeho symetrii. Na zéklad& tohoto
modelu je pak mo¥no vypofist pamoci teorie MO energetické sche-
ma prim&sového centra.

V dalii &ésti referdtu jsou diskutovény problémy
spojené s rekombinafn{ luminiscenci (Yloha barevnych a luminis-
cen¥nich center a elementérni mechanismus).
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Pomoci diagremu potencidlovych kiivek jsou diskuto-
vény t#i okruhy otézek : existence a vyuZitl bezfononovych gar,
jemné struktura absorpinich a emisnich pést aniontovych (napt.
0; a NOE) a kationtovyeh (Pb, Tl, Bi) p#fm&si v riznych ionto-
vyeh krystalech, a konein& vysvétleni mechanismu horké luminis-
cence. Pfi této pFfleZitosti jsou uvedeny pf{klady vyuZitf in-
fraZervenych spekter pro stanoveni aniontové primési v krysta-
lech alkalickych halogenidd.

V§8e zminéné problémy u rekombinaZni luminiscence
byly diskutovény teké pro systém aluminofosfétovych skel s Mn,

Nakonec je v&novdna pozornost Jevim, kterym se sou-
borné Fiké kooperativnf a které hrajf podstatnou ulohu ve foto-
fyzikéinich a fotochemickych jevech, probihajicich za uéinku gzé-
teni s mendi energii ne¥li je pottebnd k pfimému vyvoléni téch-
to jevl. Jejich mnohokvantovy charakter Jje demonstrovén na sy-
stémech fluoridd %iravych zemin aktivovanych vzdcnymi zeminemi
(kaskédni a kooperativni elektronové pfechody).

Z&vérem je poukdzdno na existenci dosud ne zcela
objasnéného jevu, zvaného antiresonance. Jako pfiklad je uvede-
na absorpce fluoridu vépenatého s Dy.

I.Pelant, Matematicko-fyzikdlni fakulta UK,
Praha : Dvoufotonové absorpce v _kondensovaném stavu.

Dvoufotonovd absorpce jako jeden z nelinedrnich
optickych Jevi (soulasnd absorpce dvou fotonli, pozorovatelnd
pouze pii dostatedn& silnych svitelnych tociech - laser, nikoli
stupnovity nebo kumulalni proces) se v poslednim desetilet{ sta-
la ufitednym nédstrojem ke studiu optickych vlastnosti a pésové

. struktury pevnych létek. PouZivd se jednak metody dvoufotonové
excitace luminiscence, Jednak d¥inn&j&f{ metody dvoufotonové
spektroskopie (ziskané dvoufotonové absorpini spektrum doplnu-

Jje informace poskytované konveninim jednofotonovym spekirem,
protofe vybérovd pravidla jsou obecné v obou pfipadech riznd).

Ke klasifikaei energetickych hladin mdZe déle slouZit m&Feni po-
larisadnf gévislosti dyoufotonové absorpce, tj. velikosti absorp-
Sniho koeficientu jako funkce uhlu sviranéha vektory polarizace
dvou dopndaaicicﬁ avételnych svazkd.
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Kromé toho mé dvoufotonové absorpce ¥adu daldich
aplikaci ve fyzice. Poufivd se napf. k vytvoFeni vysokych obje-
movych koncentraci excitond pfi zkouméni nejriznéjdich excito-
novych interakei v polovodiZfch {(biexciton) k dosaZeni homogen-
ni inverse pPi ¥erpédni laserd s organickymi barvivy a k m&freni
délky trvéni picosekundovych laserovych pulsii. Teoreticky byl
také navrZen zpisob ziskdnf vykonnych ob¥ich laserovych pulsd
pomoci stimulované dvoufotonové emise.

K. Pol 4k , Ustav fyziky pevnych létek CSAV,
Praha : Luminiscence alkalickych halogenidl aktivovanych transi-
tivnimi prvky.

Studium emisnfich vlastnosti iontd transitivnich
prvki v alkalickych halogenidech spadéd do 3ir3i problematiky
spektroskopie transitivnich prvkd v iontovych krystalech. Sou-
gasny stav v tomto oboru je poznasmenén zna&nou nerovnovéhou me-
zi podtem praci zabgvajicich se absorpci a emisi. Tato situace
je také disledkem podstatn® men&iho zdJjmnu teoretiki o vypraco-
véni exaktnich mechanismi pro luminiscenci, které by slouZily
jako zdklad p¥i analyze experimentélnich vysledkh. AvBak i v
absorpdni spektroskopii vznikaj{ problémy s interpretaci nale-
zenych struktur a rozit¥peni zédkladnich pési, ponévad? nékolik
jevi (spin-orbitdlni interekce, Jahn-Telleriv efekt, interakce
porucha - porucha,statickd porucha okolf aj.) miZe mit pFfibliZ-
né stejny rddovy ulinek na zékladni spektrum. Je proto nutné'vy—
tvoPit urdity zékladni p¥ehled v3ech jevl, které je nutno pFi
studiu absorpénich a emisnich vlastnosti iontd transitivnich
prvkd vzit v dvahu, a jednotlivé otdzky zkoumat postupn&. Ten-
to pPisp&vek je vEnovan hlavnd otdzkém symetrie pf{mé&sového cen-
tra, mechanismu d-d p¥echodd a vy¥znamu teorie molekulérnich or-
bitdld pro kvalitatigni vysv&tleni intensit absorp®nich pédsd.
Pro ilustraci je pouZita soustava MC1 ; N12+(H=Li, Na, K, Bb).
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J.Fiala,6 Matematicko-fyzikdlni fakulta UK,
Praha : Nékteré luminiscen¥ni vlastnosti monokrystald AgCl.

Referdt se zabjvd podstatou intrinsikini fotolumi-
niscence nedotovangeh monokrystald AgCl. Po uvodni stru®né cha-
rakteristice st¥ibrnych halogenidd z hlediska JeJjich krystalické
a elektronové struktury jsou probrény zdkladni vlastnosti optic-
kého absorp¥niho spektra AgCl a jeho interpretace v rémci paso-
vého modelu. Ndsleduje prehled luminisceninich vlastnosti, ex-
citaini a emisnf spektra, teplotni zévislost luminiscence a je-
jiho dognivéni. Z t&chto ddajlh Je pak moZno charakterizovat lu-
miniscenci Zistého AgCl jako proces elektrondérové rekombinace
probihajici na luniniscenénim centru, které mé charakter dérové
pasti s velmi krétkou dobou Zivota zachycené diry. Je navrieno
sjednodusené energetické schema AgCL 8 luminiscen®nimi centry a
pastmi ovliviujicimi prib&h luminiscence. Déle je v predndice
diskutovéna t&snd souvislost center a dislokaci v AgCl.

Druhéd dst referdtu je vénovéna diskusi fysikdlni
podstaty téchto luminiscen¥nich center. Po probrédn{ prvniho
plansibilniho MatydBova modelu Jje ukézéno na jeho nékteré nedoa-
tatky. Nésleduje prehled poslednich experimentdlnich vysledki,
které nepotvrdily existenci s_amezachycené diry ve form& V, cen-
ter ve st¥ibrnych halogenidoché ale naopak ukazuji pravd&podob-
nost zachycené diry ve formé A * centra. V zévéru je poukézéno
na to, %e dosavadni oxperiment?lni materidl neumoZnuje dosud s
jistotou uréit charakter luminiscen¥niho centra.

L.Kraté&na,J. Mi5ek,h Ostav radiotech-
niky a elektroniky CSAV, Praha : Rekombina¥ni zéfeni ve fosfidu
gAlitém a jeho vyskum metodemi optické spektroskopie.

s V dvodnf Zdsti jsou uvedeny a zdivodnény cile vyj-
gkumu fosfidu galitého a elektroluminiscen®nich prvki na Jjeho
bézi. Bezprosttednim cilem je zavedeni novych polovodiZovych
materidld a prvkd pro optoelektroniku; v dl cuhodobém programu
Je vizkum fyzikiinich vlastnost{ novych materidld metodami op-
tické a EPR spektroskopie.

Jsoy, krétce vysvétleny nékteré pojmy spojené se zé-
fivou rekombinaei v polovedifich, uvedena pédsovd struktura GaP
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a nékteré vlastnosti této slouleniny.

Déle jsou uvedeny typy zéfivé rekambinace ve fos-
fidu galitém, podminky pro rekombinaei volného excitonu, typy
pFimési a jejich zdkladn{ energetické stavy.

Je popsédn venik igoelektronického centra v krysta-
lové mPf1%i, mechanismus jeho obsazovéni volnym nosiem, rekom-
binace vézaného nosi%e 8 volnym a nezéfivé rekombinace.

Nakonec jsou stru¥n& popsény nékteré druhy géfivé
rekombinace na pPrimésnych donor-akceptorovych pérech a uveden
v¥raz pro energii pfechodi.

E.Vav?inec , Matematicko-fyzikdlni fakul-
ta UK; Praha : N&kolik pozndmek k luminiscenci chlorofylu.

-Fluorescence chlorofylu je metoda vhodnd ke studiu
primérnich fotofyzikélnich procesd pfi fotosyntéze. Z absorpini-
ho spektra je moZno sestavit strukturu energetickych hladin mo-
lekuly chlorofylu, kterou je moZfno porovnat s vysledky ziskanymi
kvantové chemickymi vypo&ty. Fluorescenéni spektrum roztoku
chlorofylu mé dva pésy, které byly interpretovény Jako pfechody
do dvou vibradnich podhladin téfe elektronové hladiny. Nové ja1i
m&Feni v nasi laboratofi i jinde ve sv&t& poukézala na nékterd
novd fakta, kterd jsou v rozporu s touto interpretac{ -~ teplot-
ni zévislost, koncentradni gdvislost a zévislost pa polarit&
rozpustidla intensity v maximu obou pési. Je navriena novéd in-
terpretace, které bere v uvahu i hladiny agregovanych stavi mo-
lekul chlorofylu - dimery, event. vy35{ oligomery. Vzhledem k
tomu, %e pfimo se pozorovat dimery na fluoreskujicich vzoreich
nepodafilo, zdd se, e nepijde o prosté dimery, ale o asocidty
v excitovaném stavu, tj. fotodimery.
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Zprédva o semind¥i Cs.spektroskopické spolednosti
o Mikrovlnné spektroskopii.

Dne 28.bfezna 1973 se uskutelnil na Kated¥e elek-
tromagnetického pole Fakulty elektrotechnické CVUT v Praze se-
minéF o vyuZiti mikrovlnné techniky v molekuldrni spektroskopii
se zam&ienim na zkouméni rota¥nich a rotafn&-inverznich spekter
plynt. Semind# vedl Ing.Jan Dusek CSc.

V dvodni pfedndice byly probrény technické poZa-
davky na zaffzeni mikrovlnného spektrometru, tj. poZadavky na
vhodné zdroje kmitoZtd, volbu absorpinich prostord a zplsoby de-
tekce. Soudasn® byly uZastnikim semind¥e piedvedeny Jjednotlivé
konstrukdni prvky pro riznd mikrovinnd pésma v oblasti od 3 GHz
do 300 GHz, coZ lze povafovat zhruba sa pdsmo spektroskopickyeh
méficich metod na bazi klasické mikrovinné techniky.

V dalsf %é4sti semind¥e byl v chodu predveden mikro-
vlnny spektrometr se dvima absdrp®nimi celami, a) vlinovodovou
pro technické aplikace m&Fenfi kmitodtd a cejchovéni vlnomérd,

b) absorpdni ve ivaru dielektrickéno vélce pro obecné studium
plyni. Prednost{ spektroskopu Jje moZnost seriového zapojeni

obou absorpfnich prostori, coi umo?nuje testovéni neznémych
plynd pomoci absorpEnich spekter molekul znémych plynd., Pfesnost
rozlifen{ kmitoZtu na principwu videodetekce se pohybuje v desit-
kéch kHz s pfidavnou &tvercovou modulaci reflektoru klystronu,
synchronn{ detekeci a zdpisem je zhruba o 1 ¥4d lepdf. Zaffzeni
je v soutasné dob& schopno provozu v pésmu 1,25 a 0,6 cm vlno-
vé délky.

Na kated¥e se pracuje na vyvoji rezonan¥niho ab-
sorp&niho prostoru na principu Fabry-Perrotova rezonétoru. Je-
ho pyu¥iti po zékladni ov&Fovaci fézl Jje plénovéno v oblastech
studia konkrétnich plynd v uzkém kmitoftovém pédsmu a pro technic-
ké aplikace.
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MOSSBAUER SPECTROSCOPY, A TOOL AMONG OTHERS.

HORST H. F. WEGENER,
Universitidt Erlangen - Nirnberg
Erlangen, BRD

PREDNASKY L I. THE MOSSBAUER EFFECT

In Spring 1958 the young physicist RUDOLF MOSSBAUER dis-

q covered an effect which was named after him {1] . Three years later
he was honcred with the Nobelprice. My report is devoted to the

Mbssbauer effect (M.E.). Although I assume that the reader knows a

lot about it, I begin with two questions:

1. " What E—.‘__the M.E.? " and

2. " How to observe the M.E.? "

The M.E. has to do with the emission and absorption of v-radiation by
nuclei bound in a crystal. An understanding of the effect requires, there-
fore, a sound knowledge of radiation theory and crystal dynamics. At

first some comments upon y-radiation.

A nucleus is usually found in the ground state ( fig.1 ). In order
to obtain y-radiation the nucleus has to be excited. This has been done
in several ways, by nuclear reactions for instance. But in many cases
the most practical way is to populate the excited state via a preceding
ﬁ—decay or K-capture. Then after an average lifetime T, the excited
nucleus jumps into the ground state. Typical T -values of nuclear states
used for the M.E. lie between 10 'Osec and 10 Csec. The spontaneous
transition of the nucleus from the excited into the ground state leads to
the emission of one y-ray with a quantum energy EY. It is useful to com-
pare the y-emission with the firing of a gun. Because of momentum con-
servation the gun recoils when the bullet leaves the barrel. Quite similar,

the nucleus gets a recoil when the y-ray is emitted. The recoil energy
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transferred to the nucleus follows directly from momentum conservation,

= (EY/C)Q /2 M.,

E .
recoil

M is the mass of the nucleus and c the velocity of light. Because of
'energy conservation, the energy of the excited state Ee must supply the

y-energy as well as the recoil energy, Ee = EY+ E In all practical

recoil”

cases' Er'eco'l is many orders of magnetude smaller than EY. Nevertheless,
i
an accurate y-spectroscopy requires the recoil energy to be taken into

account.

The Méssbauer effect is the observation that from nuclei bound
in a crystal recoilless y=emission can occur. The atoms of a crystal are
coupled with their neighbors by electrostatic forces. All of them oszillate
randomly. The motion of any crystal atom can be treated approximately
in the framework of a model. According to it the neighbors constitute a
box containing the one atom under consideration ( fig.1 ). The atom is
connected with the box walls via elastic springs. In this model the encaged
particle oszillates with a well defined frequency wE’ named after EINSTEIN,
who introduced the model for a different reason [2) . Most crystals have
Einstein-frequencies of some 1013 stec-.1 . According to gquantum mechanics

the vibration energy EVi of any oszillator is quantized,

b
Ep=(m+Rha  withn=0,1,2.....

On the right-hand side of fig.1 the energy levels of our oszillating crystal
atom are shown. The allowed energy values are répresented by horizontal

lines with equal distances IqE

At low temperature the Einstein-oszillator occupies the lowest
energy level, as indicated by the hatsched circle in fig.1. Let the nucleus
of the oszillator atom be excited. After some time a y-ray is emitted. The
recoil energy, transferred to the atom of which the nucleus is a part from,
is for small y-energies smaller than the level distance ME of the Einstein—

oszillator. This case is indicated by the vertical arrow. The final energy
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of the crystal atom lies inside the forbidden zone between two allowed
energy values. Obviously, we find the atom confronted with a difficult

problem. E is too large to be ignored, but not large enough for

recoil
a lift up to the next level.

Now - guantum mechanics not only created but also:solved the
problem. Here is the solution: Either the atom remains in the ground
state of the:Einstein-oszillator, or it jumps all the way up to any one
of the excited states. The probabilities are such that, in the average,

the calculated recoil energy E = (Ev/c)2 /2 M is transferred to the

recoil
oszillator [3] . In order to obt:i(; an average value below the first excited
vibration-state the probability of the oszillator for not leaving the ground
state has to be finite, somewhat less than 1 but finite. With other words:
When the nucleus of an oszillating atom bound in a crystal emits y-radiation
there is a finite probability that the atom successfully refuses the recoil,

This statement is the M.E. All those y-rays which are emitted recoillessly

constitute the " Mb&ssbauer radiation ". The relative—intensity of Mdssbauer—
radiation or the probability f of recoilless emission is called the

" Debye-Waller-factor ". f decreases with increasing temperature. There-
fore many Mossbauer experiments need low-temperature-devices. In order
to get large f-values at low temperatures, the recoil energy should not be
larger than the level distance of the Einstein—-oszillator. Therefore only
nuclei with small y-energies are suitable for the M.E. Among the about
1000 isotopes available today, less than 100 are Mdssbauer isotopes. The
most popular Mossbauer isotope is 57Fe with 14.4 keV y=radiation. In many
crystals containing 57F‘e the recoilless fraction f is larger than 50%, even

at room temperature,

After treating our first question " What is the M.E.? " We come
to the second question: " How to observe the M.E.? " Fig.2 shows the
main parts of an experimental setup. The source and the absorber are
solids containing the same kind of Moissbauer isotopes. In the source some

of the nuclei are excited and emit Md&ssbauer radiation. In the abserber
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the nuclei are in their ground state. But it is possible to lift them into
the excited state by the right amount of excitation energy, which agrees
exactly with the y—energie of the Mbdssbauer radiation. With other words,
the y=rays from the source supply the absorber nuclei with just the ener-
gy needed for a recoilless transition into the excited state. The y—-rays
disappear because their energy is consumed by the absorber nuclei. For
obvious reasons the happening is called " recoilless resonance absorption ".
The occurence of this absorption can readily be detected by a y—counter
behind the absorber: the counting rate is low when the absorption takes

place.

If for any reasons the y—energie EY does not exactly fit the excitation
energy the resonance absorption cannot occur and the counting rate is high.
In order to change EY it is the most simple to use the Doppler effect. If
the source is moved with the velocity v toward the absorber, EY increases
for the small amount v EY/c. In fig.2 we see the counting rate behind the
absorber plotted versus v. Velocities of only some mm/sec are in many
cases big enough to spoil the resonance absorption completely. The plot is

called " Mdssbauer spectrum ", the dip at zero velocity " Méssbauer line ".

The finite width of the M&ssbauer line is a conseguence of
HEISENBERG's uncertainty principle. The excited nuclei have a finite life
time T~ and, consequently, an energy spread AE =ﬁ/¢'. This energy spread
is l;r'ansf'er-red to the emitted y-radiation. The finite width of the Mossbauer
line is called " natural line width ". Compared with the total y—energy the

natural line width is extremely small, less than 10—12- E in the case of
Y
7 b S
8 Fe. It is this remarkable sharpness which makes the Mossbauer radiation

to one of the most sensitive tools for the investigation of small effects.

Fig.3 shows some technical details of a real Mdssbauer apparatus.
Source and absorber are at liquid helium temperature. A loudspeaker
systern on the top drives the source up and down and produces an electric
signal proportional to the source velocity, The y-detector below counts the
y—quanta which have penetrated the absorber. The counts and the velocity
signals are stored in a multichannel analyser for further analysis. As we

will see it may be useful to apply a magnetic field. For this purpose the
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absorber is placed into the center of a superconducting coil with a
maximum field of 60 kG, for instance. The magnetic field lines and

the direction of the y—-rays are parallel.

II. HYPERFINE INTERACTION

The most interesting feature of the M,E. is the sharpness of the
Méssbauer lihe. Because of the tiny natural line width very small changes
of the y—-energy, changes of only 10-10 eV for instance, can readily be
measured. In order to produce such a small energy shift you may do a lot
of things: Squeeze the y-source, or carry it on a tower, or vary the tem-
perature a little, and so on. As far as applications are concerned the most
important way to change y-energies is by means of the so called

" hyperfine interactions ".

Let us consider an atom or ion consisting of the electron cloud
and the nucleus in the center. The nucleus represented on the left-hand
side of fig.4 is not simply an electrically charged mass point. On the con-

trary, there are three important deviations from a pointlike structure:
@) KiSlal Heve, a fintte. Fadive R of seversl 10 o,

(ii) Nuclei are not always spherical symmetric as a ball. A real
nucleus may rather look like a cigar or a disk. The deviation
from the spherical shape leads to an electric quadrupole moment Q

which is >0 for a cigar, = O for a ball, and £ O for a disk.

(iii) Many nuclei carry an angular momentum or spin. Connected with
the spin are electric circular currents inside the nucleus, and these
currents generate a magnetic moment S either parallel or antiparallel

to the nuclear spin.

To measure or to cglcutate the nuclear properties R,Q, and/u. is a task

for nuclear physicists.
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The nucleus is surrounded of the electrons. They are arranged
as shells in clouds represented in the middle part of fig.4. From the

properties of the electron cloud the following three are of special interest:

(i) There is a finite probability to find electrons of the cloud inside
the nucleus. The probability is proportional to the electron den-
2 2
sity f'\}/’(O)f at the nucleus. ,\V(O)] depends on the chemical

compound to which the atom belongs.

(ii) In countless chemical compounds the electron clouds are not

spherical symmetric. This asymmetry may cause an inhomogenious

electric field acting on the nucleus. As a measure of the inhomogeneity

the electricfield gradient BEZ /9 z is used, The field gradient is
positive, zero, or negative if the electron cloud has the shape of

s a cigar, a ball, or a disk, respectively.

(iii) The electrons in the cloud move around and rotate. This motion of
charged particles can be considered as an arrangement of circular
currents. In general, those currents generate a magnetic field which
may get very strong in the center of the cloud. The strength of this
internal field acting on the nucleus is called H. The direction of
r-rcoincides more or less with the angular momentum of the electron

cloud.,

-

To determine the cloud's quantities hr(O)’ 2, QEZ/a z, and H is a task for
L ]

atomic physicists or chemists.

There is a broad field, however, in which atomic experts and
nuclear physicists cooperate. The reason for this team work is the fact that
the nucleus interacts via its finite size properties R, Q, p with the electron
cloud. The emergies of those interactions are extremely small, they are
" hyperfine ". Three types of hyperfine interactions listed on the right—-hand

side of fig.4 have to be distinguished:

2
() the chemical shift proportional to R |‘l}/'(0)f 2,
(ii) the electric quadrupole splitting proportional to QaEzla z,

(iii) the magnetic hyperfine splitting proportional to fJH.
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In all three cases the characteristical parameter is the product of a

2 2
nuclear quantity (R, Q, ’J) and a quantity of the cloud ( l’\y(O)f 5
a EZI d z, H). Those products are the formal reason which urges nuclear

experts and electron scientists to work together.

The various types of hyperfine interactions show up in the
Mbssbauer spectra. As an example we see the energy level scheme of
57Fe in fig.5. At the left-hand side we find the bare nucleus - "bare"
means "without electrons around". The ground state has the nuclear spin
jg =1/2. The excited state with an excitation energy Ee of about 14,4 keV
carries the spin je = 3/2. If the bare nucleus gets dressed with the electron
cloud, the chemical shift changes the energies of the two nuclear states for
different amounts, depending on the electron density hfrl2 at the nucleus and
on the nuclear radii R and Rg’ which turn out to be different for the excited

state e and the ground state g. The y—energy E contams, therefore, a con—

tribution proportional to the electron density W’

If the electrons are arranged properly, they cause a non-vanishing
electric field gradient BEZ/B z, which interacts with the electric quadru-
pole moment Q of the excited state. As a result the degenerated state splits

up into two levelswith a level distance proportional to the product

Q-3 EZ /dz. The y-radiation contains now two different y—energies.

In the case of no electric field gradient but with a strong internal
magnetic field H acting on the nucleus the excited and the ground state split
into four and two sublevels, respectively. Fe and l.lg are the magnetic move-
ments, m, and mg the magnetic quanturn numbers of the nuclear states. The
level distances depend on the products /ueH and }JgH. According to selection

rules six different y—energies show up.

Every vertical arrow in fig.5 represents an individual Mbéssbauer line,

of course. Fig.6 shows three typical Md&ssbauer spectra, three examples

which demonstrate hyperfine interactions L4 ]. In all three cases the Mbssbauer

57 57
source was Co diffused into platinum. Co decays by K=capture to the
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excited state of 57Fe, from which the Mdssbauer radiation is emitted.

The absorbers were made of potassium ferrocyanide (above), ferrous
sulfate (in the middle) and metallic iron (below). Metallic iron is magnetic.
The internal magnetic field causes magnetic hyperfine interaction yielding
six Mdssbauer lines, as expected, Ferrous sulfate is non—magnetic, but

the electrons of the F'e2+ generate an electric field gradient, which causes
electric quadrupole interaction yielding two Md&ssbauer lines. In the ferro-
cyanide complex neither magnetic nor electric hyperfine splitting occurs.
But the position of the single line is found at a negative velocity because

of a negative chemical shift., The line doublett of ferrous sulfate has its
center at positive.velocity, has apositive chemical shift. The different shifts
of the two materials indicate different electron densities hr.’g at the nuclei,

of course.

111. APPLICATIONS

During the last decade Mossbauer spectroscopy has often been used
in order to investigate the internal magnetic properties of countless substan-

ces. I will discuss several examples, Some general remarks at the beginning.

As we have seen, the magnetic hyperfine splitting of the 57I=e—
Mbssbauer spectrum gives a 6-line—pattern. The distance between any two
lines is proportional to the magnetic field acting on the nuclear magnetic
moments. The line intensities depend on the angle between the y-ray and the
magnetic field lines. Three possible situations are summarized in fig.7.

If the magnetic field and the y-rays are parallel (upper part), two of the

six lines vanish and the remaining four have the relative intensities 3:1:1:3.
When the magnetic field is turned about E-)O0 (middle part), the two missing
lines become the most intensive ones with the relative intensity 4. In a piece
of nonmagnetized metallic iron the directions- of the internal magnetic fields
are randomly distributed (lower part). This leads to the intensity ratio,

3:2:1:1:2:3,
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The 6-line-spectrum enables us, therefore, to determine the
magnetic field acting on the 57Fe—nucleus. The distances between the lines
give the magnetude of the field, from the line intensities the field direction
can be obtained.

Antiferromagnetism of Fe PO, [=s]

As a first example we discuss the Mdssbauer spectra of calcined
ferric phosphate, Fe PO . The material comes as a powder, single crystals
are not available. At room temperature the Mossbauer- spectrum of Fe PO
shows two Mdssbauer lines indicating electric quadrupole spllttmg At 4. 2 K
we observe a 6-line—pattern, the one in the lower part of fig.8.* The 6-line
pattern indicates magnetic hyperfine interaction. From the line distance an
internal magnetic field of about 500 kG is deduced, a value typical for Fe8+.
The line distances of the 6-line—pattern turn out to be itemper‘atur‘e dependent.
The temperature dependence of the internal magnetic field, deduced from the
Mbssbauer spectra of Fe P O 4’ can be seen in fig.9. At 25° K the field
collapses. The atomic spins whlch produce the hyperfine fields are, obv10usly,
ordered - either ferro or ferri or antiferro magnetically. The particular order
could be determined by putting the probe into the superconducting coil of the
Mb&ssbauer apparatus fig.3. Some observed Md&ssbauer spectra are presented
in fig.8. If no external magnetic field is applied (lower part) the line inten—
sities turn out to be 3:2:1. This ratio indicates a random distribution of the
internal field directions, as expected for a powdered sample anyway. An ex-=
ternal magnetic field of 54 kG parallel to the y-rays (upper part) results in
line intensities 8:4:1. This ratio indicates an internal magnetic field perpendi-
cular to the gammas and, consequently, perpendicular to the applied magnetic
field. With other words, an external magnetic field forces the atomic spins
orthogonal to it. Such a behaviour is typical for antiferromagnetic materials
with two spin sublattices. You see still in the middle part of fig.8, that at
a field of 20 kG the intensities of the two left lines are about equal. Obviously,
the applied field is not yet strong enough in order to turn the sublattices all

the way. The reason for this behaviour is a competition between the action
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of the applied field on the one side and the anisotropy energy of the
antiferromagnet on the other side. The next fig.10 shows the intensity
ratio of the two left Md&ssbauer lines as function of the external field.

It increases from 2/3 to 4/3 with increasing field. The solid curve is
the theoretical prediction after the so called anisotropy constant Ko
properly has been chosen. It may be interesting to mention that the
antiferromagnetism of calcined ferric phosphate was not only investigated

but also discovered by means of M.E.

Spinrelaxation in ferricatnoniumalum [6]

As a second example we discuss the Md&ssbauer spectra of ferric
At aliam, Fao N , (S0,), - 12 H, 0. The Fe2'=ion is the only
paramagnetic component of the compound. At low temperatures and in
strong external magnetic field the alum gets considerably magnetized.
For liquid helium temperature and 20 kG the magnetization is about 60%
of the magnetic saturation. Consider now in fig.11 the atomic spin of an
individual F'e3+—-ion. The z-component of the quantum mechanical expec-
tation wvalue (Sz) shows the drawn time behaviour for example.
< SZ (t)) fluctuates about the time average value §z’ which is in the
case of B0% magnetization 60% of the minimum value SZ ==-S. We call
the instant spin deviation A S, In order to characterize how drastic and
asymmetric the fluctuations are the second and third order spin-deviations
-lt:-S_5 and ;—S-g are introduced. Other interesting quantities are the spin-
correlation times 'Cc. They measure the rapidity of the spin—-motion.

'cc is the time for which a forecast of the Sz-vaIUe can successfully be
made .

In our case of ferric amonium alum we were able to calculate the
spin guantities ?z’ A_S-E: A—S-s-, and the spin correlation times 'cc in the
framework of a spinwave model. As experimentalists we had, of course,
the wish to measure what we had calculated. Because the magnetization
of the probe is proportional to -§z the measurement of §;_ is no problem
at all. The other quantities cannot be measured with macroscopic methods.

It is possible, however, to determine the fluctuation quantities by means

e
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of the M.E., as indicated in the table of fig.11.

How do the Mdssbauer spectra of ferric amonium alum look like?
We see several in fig.12. The temperature is always 4.2°K. The applied
magnetic field varies between 20 and 56 kG. In all spectra we have four
lines, because the field-direction and the y-rays are parallel, With 55 kG
(above) the magnetization is almost 100%. The spectrum looks " normal ",
as we say: The lines have natural line widths, and their positions indicate
an internal magnetic field of about 600 kG. But now look at the spectrum
below. With 19.8 kG the magnetization is only _60%. The two inner lines
still behave " normal ". They show natural line width and a distance
which turns out to be proportional to the magnetization of the probe. Not
so the outer lines. They are considerably broadened, and their distance
is larger than one would expect from the magnetization. Obviously, the

outer lines suffer an unexpected line shift.

The broadening and the shift of the outer M&ssbauer lines are con-
sequences of the atomic spin fluctuation. Why that? Now, the atomic spin
produces the internal magnetic field which causes the magnetic hyperfine
splitting. Therefore, the distance between any two Mé&ssbauer lines fluctu—
ates in exactly the same way as the atomic spin does. It is at least
plausible that a fluctuation of the line distances yields a broadening of
the individual lines, particularly the outer ones. The line shift reflects
an asymmetric character of the spin fluctuation. The broadening and the
shift turn out to be ir'oportional to the second and third order spin de-
viation 52 and 53, respectively. The solid lines are theoretical
Mdssbauer spectra after the spin correlation times t'c properly have been

chosen. No doubt, the agreement with the experimental data is excellent.

Let us compare now the spin wave calculations of the fluctuation with
experimental results. From Mbssbauer spectra, observed-at various
magnetizations, the line broadening and shift is obtained as function of
the magnetization. For a poly-crystalline powder the results are summa-=

rized in fig.13. On the left-hand side the measured line broadening, on
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the right-hand side the observed line shift has beén plotted versus the
magnetization of the probe. At full magnetization the broadening as well
as the shift vanish. The solid curves are the spin wave predictions .
Except for low magnetization = where the spin wave model fails in any
case - the agreement between experimental data and spinwave calculations
is quite good. From the spin correlation times we are able to conclude,
that the spin-spin interaction in ferricamonium alum is mainly magnetic

dipole~dipole-coupling .

CRIME with " Sce [7]

Far the most Mdssbauer experiments were performed with radio-
active y—sources. Eventually, however, more complicated source tech-
nigues have to be used. One example is germanium, There is only one
Ge-isotope suitable for the M.E., the 7SGe with a 67 keV excited state.
But it is not possible to populate that state via a preceding radioactive
decay. We decided, therefore, to excite the 73Ge—nuc1eus by Coulomb
excitation. The details can be seen in fig.14. A beam of accelerated
oxygen ions with 30 MeV energy hits a very thin layer of 73C-;e electro-
plated on a thick chromium plate. Occasionally, a Ge-nucleus gets
Coulomb-excited. Together with the Coulomb excitation goes a recoil of
the Ge—-nucleus. The recoil energy is quite large, several MeV. Because
of the recoil the excited Ge-nucleus leaves the germanium layer and gets
implanted into the chromium plate, where it — after about 10-125ec - comes
to a stop. The slowing down process is accompanied with a local heating
along the track. Within 10_1Osec, however, the heat is distributed over
a large volume. The still excited Ge-nucleus emits a 67 keV y—-radiation
after about 1 0-gsec, long after the implantation and the cooling process
have been finished. At liquid nitrogen temperature about 8% of the
y-radiation is emitted recoillessly and may be used for Mdssbauer ex-
periments. We call the source technique " CRIME ". CRIME stands for

_Qoulomb Recoil Implantation Mbssbauer Effect.

k1

We have performed several Mbdssbauer experiments with 7SGe,
using the implantation into Cr as single line Mdssbauer source. Fig.15
gives two examples. The absorbers were crystalline Ge and Ge 02, re—
spectively. The lines exhibit different chemical shifts. The difference is
caused by different electron configurations of the absorbers. They are
listed in the table of fig.16. A neutral Ge-atom has 4 electrons in the
outer shell. In crystalline Ge these 4 electrons form an s1p3-configur'ation
with the well known four-finger-wave—function which fits the tetrahedral point
symmetry of the lattice sites in the diamond-like structure of the Ge=crystal.
The electron configuration of Ge in GelI and Gélv compounds are ‘assumed
to be s2p° and sopo, respectively. None, one, or two s-electrons in the
configuration means none, one or two electrons contributing to the electron
density at the nucleus and, consequently, contributing to the chemical shift.
The graph fig.16 present some observed chemical shifts of Ge-compounds
with zero, one or two valency-s—electrons located at the Ge. The plot en~
ables us to determine the number of Ge-s-electrons in any material con—
taining Ge, simply by measuring the chemical shift. As an example, we in-
vestigated intermetallic compounds, every one with a well defined atomic
structure, but no one with the diamond structure of crystalline Ge. They
are listed in the table fig.17, together with the observed chemical shifts.
In all cases the chemical shift turns out to be approximately zero, and that
means - according to fig.16 — we have in all compounds one s-electron at
the Ge-atom. Why always one - that is the question. Usually, if you have
4 electrons in a solid, you put 2 into the s~band and 2 into the p-band. Of
course, in the case of pure Ge, one of the two s—electrons is lifted into
the p-band in order to get the s“p:3 - configuration with the tetrahedral
symmetry required of the Ge=-crystal-structure. In our intermetallic com=—
pounds, however, we do not have the tetrahedral symmetry and, consequently
we do not have a reason for the lift of one s-electron into the p:-band. We
expect, therefore, two s-electrons, at least for the one or the other com-—
pound - in contrary to the observation. I admit, that in the case of inter-—

metallic Ge-compounds, we do not understand what we have measured.



32

Symmetry investigation of an eight-coordinated Fe(l).-complex [8]

The last exarmple which I like to discuss is a complicated one. It
is not my intension to make you understand the details. The purpose is
rather to demonstrate that the M.E, in combination with symmetry argu-
ments may help to analyse the structure of certain chemical compounds .
Our particular problem is to determine the point symmetry at the iron site
in the compound Tetrakis—1,8 Naphthyridine=Iron(I)-Perchlorate
Cre L4] (C1 04)2. The ligand L contains 16 atoms and has an arc-like
shape with 2 nitrogens at the ends. From X-ray diffraction studies the
following structure of the [Fe L 4] - complex was suggested: Imagine a
square with its diagonals. Above and below it we have two lines parallel
to the diagonals. The four ligands L connect the endpoints of those lines
with the four corners of the square. The Fe, located in the center, is
surrounded of eight nitrogens. Its coordination number is 8. The symmetry
of the arrangement is named D2 q° The ligands generate an electric ligand
field which has the same D, = symmetry as the [Fe L4'] - complex. This
field influences the electronic wave function of the iron in the center.

In order to get informations upon the wave function we have measured
Mbssbauer spectra of a polycrystalline sample (fig.18). In the absence of
a magnetic field the upper spectrum is obtained. The two lines indicate
electric quadrupole splitting. The chemical shift - that is the center of the
doublet = turns out to be + 1.06 mm/sec, a value typical of high-spin Fe(I)-
complexes. We assume, therefore, the iron to be in a high—spin state with
the spin guantum number S =2, The quadrupole splitting of 4.54 mm/sec is
extremely large. As a matter of fact, it is the largest splitting ever observed
in 57Fe-compounds. In a first guess it was assumed, therefore, that in
-symmetry the Fe(ll)y-ion has an unusual electron con-

d 3 3 5 3 3
figuration, either A‘ e, t2) or B1(e 5 t2). In both cases the ground state

ligand fields with D,

turns out to be a gev)erated doublet connected with the spin quantum numbers
Ms=-|; 2. There is of course an LS—-coupling between the orbitals and the spin.
It can be shown, however, that the two components of the ground state
doublet are not affected of the LS-coupling. You may say they ignore

LS-coupling. Under such circumstances it is easy to predict the influence
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of an applied magnetic field on the Mossbauer spectrum. The electronic
spin S generates (i) a magnetic moment of some }JBohr‘ and (ii) an inter—
nal magnetic field of several 100 kG. Since the LS-coupling may be ignored
the magnetic moment and the internal magnetic field orientate their common
direction along the applied field. For a M&ssbauer spectrum observed in
field direction we expect, therefore, a 4-line—pattern. Now look on the
observed spectra in fig.18. The lowest one, for instance, was obtained
with a 55 kG external field. There is definitely no agreement with the ex-
pected 4-line-pattern. It is possible, however, to fit the measured spectrum
under the following assumptions:
D) The external magnetic field generates an internal field of about 230 kG.
(ii) This internal field points along the symmetry axis of the crystal field
and not along the applied magnetic field.
But the orientation of the internal field along the sym_metry axis of the
crystal field requires LS-coupling although it was concluded from the

properties of the Fe(ll)-ground state in a D2 —-crystal field that the

LS-coupling has to be ignored. With other w;’r'ds: The point-symmetry can—
not be D2d' The way out off the dilernma is to lower the symmetry from
ng to what is called 02' Then, the two components of the ground state
doublet are affected of LS-coupling and the internal magnetic. field points
along the symmetry axis of the crystal field. The calculated Mdssbauer

spectrum, i.e. the broken curve in fig.18, fits the data well.

IV. COMPARISON WITH OTHER METHODS.

The titel of my talk was " MoOssbauer spectroscopy, a tool among
others ". Which are the " others "? Remember, the proper origin of the

M.E. is crystal dynamics, and the most successful applications make use

of hyperfine interaction. There are, of course, several other methods which

enable us to study either crystal dynamics or the various hyperfine inter-—

actions. It is this family of methods or tools, to which the M.E. belongs.
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In the upper table of fig.19 at least some members of the family are
listed.

What about crystal dynamics? One of the main problems is to find
the inter—atomic forces which keep the solid together. These forces determine
the lattice vibrations or the " phonon spectrum ", as you may call it, The
lattice vibrations can be investigated by either x-ray diffraction or thermal
neutron diffraction or surface diffraction of low energy electrons ect. In
all cases the tool is a wave which coherently interacts with many atoms
at once. The object of investigation is, therefore, a collective of crystal

atoms,

The same‘ kind of interatomic forces determine the frequency of the
Einstein-oszillator, which we introduced at the beginning of this lecture,
in order to explain the finite probability of recoilless y-emission, the
Debye-Waller-factor f. A measurement of f by means of the Mdssbauer
effect gives the Einstein-frequency, and consequently, the force with which
the individual Mdssbauer atom is bound to the surroundings. You see the
difference: The Mbdssbauer effect measures dynamical properties of individual
atoms, in contrary to the various diffraction methods which average cohe-—
rently over a collective of crystal atoms. Lattice diffraction is, therefore,
no real competition to the M.E., as far as the dynamics of the individual

crystal atom is concerned.

The diverse procedures to investigate hyperfine interactions are
listed in the lower table of fig.19. The oldest one is the high-resotution
optical spectroscopy. It does not work in solids or liquids, because special
light sources have to be used. But it is possible to measure the magnetic
and electric hyperfine splitting. If different isotopes are present a chemical

shift may be observed, the so called " isotopic shift ".

The most popular hyperfine spectroscopy uses electromagnetic waves
with radio frequencies. The probe may be either a gas (atomic beam) or a
solid (n.m.r. for instance). Here some highly sophisticated experimental

methods are available. Optical and radio spectroscopy are applied to the
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ground state of the nucleus, For some elements, no stable isotopes with

a finite electric quadrupole moment of the nuclear ground state, do exist.
Iron is an example. In such cases the M.E., which takes the excited state
into account, may eventually be used in order to investigate the electric
hyperfine interaction. Another short coming of the radio frequency spectro-

scopy is the lack of a chemical shift.

A more recent introduced method is the perturbed angular distri-
bution after either radiocactive decay or nuclear reaction. This technique
is rather complicated. You need either a good radio chemist to prepare the
radioactive samples or a particle accelerator for the nuclear reactions. In
the latter case you are bothered with radiation damage if you do not heat
the target. But remember: In order to observe the M.E. one has to cool the
sample; in order not to spoil an angular distribution by radiation damage
the sample has to be heated. Cooling versus heating - these complementary
treatments of a sample are one reason among others, that the various

methods listed in fig.19 do not compete but complete each other.
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