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Agenda

Baoikég yvwoelg yia akTiveg X
Katatagn TeEXVIKWV Q@OCHATOHETPIOG OKTIVWV X
Epappoyég



DPaocuarouetrpia Aktivwv X

OpLopoG: Ol aktiveg X eivat n nAektpopayvntiki aktvoBoAia pfkoug kupatog 10-°-100 A.
Juvnong avaAutikn rieploxn eivat 0,1-25 A.

lotopwka Ztotyeias

* Roentgen (1895) AvakaAuvdn aktivwv X

* Barkla (1916) ®dopa ekmoumig aktivwy X

* Moseley (1913) Zuvduaopdg ypopp WY EKTTOUTIAG UE ATOULKO aplBpd
* Von Laue (1913) NepiBAaon aktivwv X

» Siegbahn (1967) ®wtonAektpoviky Pacpatookoria akTivwy X

* AvoAuTikég Edapuoyég amo tn Sekaetia tou 50



AKTINEZ X

e Wilhelm Rontgen
® [eppavog puoLkog ou
avVaKAAUE TIC aKTiveg X




Helical X
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HAextpouayvntixo paoua

Electromagnetic Spectrum
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Exmounm Axtivwv X - Oswpia

Evepyelakeg Stadueg
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(Characteristic X-ray)



DWTONAEKTPIKO
dDarvouevo

Eival n kBavtikn Slepyaoia kata tnv orola
areAeuBepwvovtal NAEKTPOVLIA aTIO L
eMLPAVELD aywyoU OTOV TIPOCTIECEL OE
QUTH NAEKTPOUAYVNTLKA OKTWOBOAla
OUXVOTNTAC TETOLOC WOTE TA NAEKTPOVLIOL
va KatopBwoouv va uTiePTINSooUV TO
bpaypo SuVaLKNG EVEPYELAG TIOU T
OUYKpOTEL oTNV €TiLPAVELA QUTH.



Crystal .
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Baoikég yvwoeig

Diffracted X-ray beam
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daocuaroueTpia
ITepiOAaonc
Axtivwov X

ESiocwon Bragg: n.A = 2.d.sin6 (yia cupBoAn) (n = aképalog)
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Intensity (arbitrary units)

Amorphous

Crystalline

L !
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20 (degrees)

MorTiBa akTivwv X atmrd okovn (a) auopeng Kal
(B) kpuoTaAAIKRG ocakxapdlng.
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Calculation of Absorption Corrections for Camera and Diffractometer Data

By P.Correns, L. Lessxowirz aND D, RamNovicn
Department of X-ray Crystallography, Weizmann Institute of Science, Rehovoth, Israel

(Received 24 August 1964)

A method is described for the calculation of absorption corrections for Weissenberg and precession
camera, and three- and four-circle diffractometer data. The method has been successfully applied to

a pumber of crystals,

Introduction

Several procedures for computation of absorption cor-
rections have been described. Busing & Levy (1957)
have first outlined a method suitable for high-speed
computers and valid for crystals having no re-entrant
angles between bounding planes, However, they did
not derive the components along the crystal axes of the
incident and diffracted beams for upper level reflexions.

Such an extension for both Weissenberg and precession
camera data has been given by Wells (1960). Here we
propose an alternative procedure which makes exten-
sive use of vector algebra and has also been applied to
three- and four-circle cone diffractometers, since these
are now widely used for collection of X-ray and neu-
tron diffraction data,

A FORTRAN program has been written for the
CDC 1604 computer which in its present form calcul-

Prof. Leiserowitz

TwldsTg
T bubos(as@)m TP Thcconn
T.emcconp wThecos as Tyt

from these equations we can determine 75 and 77
The crystal is brought into the reflecting position by
rolations around the y and £ axes. These rotations do
not remove T' from 1he horirontal plase of the £ and
20 circles. Therefore the vectors T, D, and T are co-
plamar, Hence the following relation exists between the
direct space components of the three vectors:

nnr

D, b, Dy| =0

o T

Fig 3 The threecincle diffenctoments ol £ ="

The components £y and 1, can be derived in the same
way 23 T; and T, were obtained for the threecircle
cone diffractometer. With formulae (2) and () we de-
sermine the components of s, and &, in reciprocal space.
The pondiag P in real space are ob-
tained by applying transformation (1)

(2) Preceszion comera
We awume the precession avn 10 be paralid 10 a,
SO that

S B 008,
where 4 is the precession angle.
Let S et o A0 4ot
S amsfle —acorp
S . DwiseD 008 (90 +0) = ~ D sin 0w 2 5in* §

and
% . DwsiD+ 4D+ 1D,y
or
A0+ A0, = = 25ind @ = o}D, wa Dycot p ~25in 6, (4)

Since
o 58 unL vector s sy | 5

The components Dy, D; and Dy, and 5 are known
therefore we have two equations (€) and (5) with two
unksowms. As equation (5) i guadratic we obtaln two
sets of valees of the components £ and 5§, These two
sets correspond to the same reflexion on the film and
the absorption correction 10 be appliod is the anith.
metic mean of the two individual corrections. The com-
ponents of s can be derived from the equation

sen D,

| 4
'. ()



The Crystal Structure and Morphology of th
Malaria Pigment Crystal
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CCDC Srzearsure  CSD Entry: ACETAD s |

Simple Search Structure Search Unit Cell Search Formula Search

Your query was: Compound name: valine and the search returned more than 30 records. Back to Search List Modify Search

Results ACETAD : N,N'-Oxalyl-bis(valine) retropeptide
Space Group: P 24 24 2 (18), Cell: 2 12,429](?]Ab 18.1252(6)A ¢ 6,6381(3};\‘ a 90" 3 90° y 90°

Database Deposition
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¥ ACETAD 146381 3D viewer Chemical diagram
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Download ~
Pr o
NH Pr
P ,
HOOC// NH -~ -~
(o] COOH
> UnitCell w H DISORDER © View group symbols key

https://www.ccdc.cam.ac.uk/



Current structure: | e
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electron beam
Cathode Luminescence (CL) Technique

photon X reflection electron
X-ray composition information
elemental |nformat|on " photon crystal structure information
chemical abundance (CL) impurity information

Kararaén
T8XV1K(1’)V secondary o EL%%‘ES ’ Auger electron

electron  ((e)) €=====~~ elemental information
shape chemical abundance

AKTllvwv X information sample

https://www.matsusada.com/column/sem-tech3.html

Aléyepon MéEtpnon
XRF ®aocpatookornio BopLopol Aktivwy X OwTtovia, OwTdévia
(X-ray Fluorescence, XRF) nAektpovia
@aopatookotia Amtoppodnong Aktivwy X DwTtovia
(X-ray Absorption)
XRD @aopatookortia epiBAaong Aktivwv X DwTtovia
(X-ray Diffraction, XRD)
XPS OwTtonAektpoviakn Dacpatookomnia Aktivwv X DwTtovia HAektpovia
(X-ray Photoelectron Spectroscopy, XPS)
AES HAektpoviakn Gacpatookornia Auger DwTtovia,
(Auger Electron Spectroscopy, AES) nAektpovia . >




daouatrooxomia POopiouov Axtivwov X



1000000

X-Ray Fluorescence of

DACUATOOKOTTIA o] F ) o o s

dOopiouov
Axtivwov X

10000 «

1000 4

Counts (Log)

100 4

10 4

0 8 15 23 30 38 45 53 60 67 75 8 90 97
Energy (keV)

Spectra taken using Amptek XRBR-100CR 5 mm x 5 mm x 500 um X-Ray Detector (20 us
shaping time - optional feature) and Amptek MCAB000A Multichannel Analyzer.

Tuvexég Maopa: odeiletal o€ PETATPOTIA TNG EVEPYELAG TWV NAEKTPOVIWY
o€ pwrtovia Aoyw emiBpaduvong

PapHWKO DAcHa: ekTIOUTI GWTOVIWV AOYW PETATTWONG NAEKTPOVIWY OF
OTLBASEC KATWTEP NG EVEPYELAC




Energy

Log energy

levels
X-ray Quantum
1 4 designation  states K L
Evepyeitaxeg 21 i
Nyl4| 2 [sn—"—— -
Y4 Npy (4| 2|32
otalueg i1
Ni| 4| 1|2
Ny|4| 0|2
To ypappLKS cblaopa elvaw xapaktnpLoTiko yia kaBe VME LA
otolxeilo, ave§aptnta tng GUGCLKNAG KAl XNHLKAG My |3] 1 {32
' My 3] 1|
KQTAoTAONG. M 3| 0 [1s ' |
1 ' ' ' B n n B
o] d)acpaulkeq vpapLE maipvouVv Tov KUplo )} 5, a| B
oupBoAiopo tou (K, L, ...) and tn otipada mou 2 s a| |8
HETATILTITEL TO NAEKTPOVLO. s
Ly (2] 1|32
Ol paopatikég ypap e meplypadovrtal eite armo to LLI; ol ] : =
HAKOG KUpaTOG A, gite and Tnv evépyela, E. : b "
’ 1 1 ’ ﬁ: :/R
H evépyela Twv GaopaTKWY YpaPPwY UEAVEL PE TOV YT T
QTOHLKO aplOpo.
Xe kaOe otolxeio n evépyela Twv GACUATIKWY VPO PWV ol

elattwvetat amno tig K otig L ypappég.

FIGURE 12-4 Partial energy level diagram showing common transitions producing X-rays.
The most intense lines are indicated by the wider arrows.



Opyavoioyia paocuatooxostiag eBopiouov) aktivwov X

Awaomopd¢ grnkoug KUHATOG Awaomopac Evépyelacg

Analyzing | Defctor }—{ Electronics H Computer

Crystal
E s

RN 4. "
J{S‘ J B i N J’& 7/

S 7/

2 Focusing
Detector [ Electronics ’ I Computer

* Emloyn pnkoug kUUATOG *  XapnAo Kootog

* XapnAd 6pla avixveuong * Tayxutepn avavion
*  XapnAn aktwoBolia avayaitiong

*  YUnAn SlakpLtiki tkavotnta



Mudavog
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2VoTNUATA ETTIAOYTC ~
unxovg aktivwv X

Analyzer Crystals
(2d sinf = n..)
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Aviyvevteec AKTivv
X

AVLXVEUTEC OTEPENG KOLTAOTOONG

AVLXVEUTEG LOVTLOHOU
* Odlapol ovtiopou
* AnapOunteg Geiger

* Avaloywol amoplOunteg

300-900 V

p-type Si

Be window ——
X-rays
- To amplifier
Transparent
Au film
- Preamplifier | Liquid N
4;} cryosmt~
| (77T K)
-4 4+
Li-drifted Si n-type Si
(intrinsic
layer)
X-rays
Window
Argon
g Insulator
X Anode ,J—/ To

PR |
! preamplifier

Metal A \7_1
tube » 2 E
Cathode g Window

Unabsorbed
X-rays -
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IHowotixkn xat Iloootikn Avaivon

Lo TNV avixveuon Twv otolxelwv apkei n avelpeon 1-2 XapoKTNPLOTIKWY YPAUHWY EKTIOPTIAG
Kn L ospac.

H Siadwaoia meptmAgketal amd aAAnAoeTLKAAUY ELG YPOHH WV
To POPANUa ETAVETAL PE TN XPNON KO ETILITAEOV OAAWV YPAUH WY
2TNV OOOTLKA avaAuon Tapatnpouvial palvopeva enibpaocng Tng PATPAg tou delypatog

Anatteital BaBuovopnon pe mpotuTia e cuotacn TapopoLa Pe tou Selypatog i xpnon
EOWTEPLKOV TIPOTUTIOU



Epapuoyéc xat yapaxkmmplotka tg
paouarookoriac @Bopiouov aktivwov X

Epappoyeg

MeEtaAAa koL kpapata
MetaAAa og vypa Seiypata
Pumtavtég otnv atpoodatpa

Netpwpata

MAgovekt gata

Mn Kataotodikn
Taxela
Mukpn pokatepyaoia Selypatog

Melovekt pata

XapnAn evawoBnoia (>1 ppm)
YPnAS ko6oTOG



®dopnta XRF (Portable XRF)




IHapaderyua epapuoync Apyatoroyia
Axpwtpt Xavropivn

i Fe Yellow pigment I
w'
S W0E
= F Au-L scattered
= :
E L
o 10"

T

10 15 20

=
n

Fig. I-2-9. In-situ EDXRF analysis at the Akrotiri archaeological site in Thera of a yellow (mustard) x‘raf" energy (keV)
wall-painting pigment using PXRF-B portable spectrometer.
(See also Color plate, p. 298)



Hapaderyua epapuoync 50€ vs 50$

(EDXRF)

Count

—— white
metalic
||~ purple &
brown
800~ purble 5 &78% 50
white
5004 | ye”OW
brown )
purble | [| Ti
400
300
200 -
Y
100
0 T T
0 2 4

Mnyn: C.R. Appoloni a,n, F.L. Melquiades b, https://doi.org/10.1016/j.apradiso.2013.12.004

Energy (keV)

Count

white
gray
—— matalic
green
metalic
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—red
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Enerav (keV)


https://doi.org/10.1016/j.apradiso.2013.12.004

Hapaderyua epapuoync koounuata

(aAinBwvo 1 wevTixo)

Element %

Zinc (Zn) 36.65
Osmium (Os) 0.193
Nickel (Ni) 0.104
Copper (Cu) 63.49

+/- 30

0.14

0.056

0.007

0.14

Mnyn: https://www.olympus-ims.com/en/insight/worth-its-weight-in-gold-detecting-counterfeit-jewelry-with-xrf/



Hapaderyua epapuoync koounuata

(aAinBwvo 1 wevTixo)

Element

Zinc (Zn)
Copper (Cu)
Cadmium (Cd)

Silver (Ag)

Mnyn: https://www.olympus-ims.com/en/insight/worth-its-weight-in-gold-detecting-counterfeit-jewelry-with-xrf/

%

0.33

9.24

7.73

82.7

+/- 3o

0.17

0.80

0.73

1.0



dacuatrookosia Aroppopnonc Axtivwv X

Nopog tou Beer:
L LOQ(P/PO)= MmPX
X=nadxog Selypatog

160 — Ly

p=TukvoTtnTa S€lypaTog

—

(5]

(=]
I

My =Hallkog ouvtedeotng amoppodnong

o0
=
I

To ddaopa €xeL mplovwtn popdn

Mass absorption coefficient, u

Xapaktnpiletol amnod andtopes alayEg
anoppodnong PETA ard KABE akpr

£
(=]
I

aroppopnong
0 0.2 0.4 0.6 08 10 12 H akun odeiletal og pwtovia twv omoiwv n
Wavelength, A gveépyeLa eivat akplpwg ton pe TNV amatov Uevn

ylLa TNV arooroon evog dpwtonAektpoviou



daocuaroueTpia
IepiOAaonc
Axtivwov X

ESiocwon Bragg: n.A = 2.d.sinf (yia cupBoAn) (n = akEpaiog)



Opyavoloyia Paocuatouetpiac xepiOAaoncg
Axtivwv X

Soller slit
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Gobel mirror /\\
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sample
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Opyavoloyia PaocuatoUeTpiac
aeplOAaong Axtivov X

Mpoodloplopog tng B€ong kAbe ypapung oe olykplon Pe apxelo
daopatwy

‘Evtaon kdBe ypapung avaloyn tng avtiotoyng KpUuoTtaAALknG Sopng

Gobel mirror

Soller slit

Detector

Goniometer
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Quartz
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Cristobalite
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DWTONAEKTPOVIKT)
daouarouerpia
AxTivoov X

METpnon TNG KLVNTLKAG EVEPYELOC TWV
NAEKTPOVIWV

ApBPOG nAektpoviwy (évtaon) wg
OUVAPTNON TNG EVEPYELAG SECELONG

MOoLOTIKN avayvwpLlon Twv oTolXelwv otnv
emipavela Tou Seiyparog

photon
_source

hv

sample

energy
analyzer




DwTONAEKTPOVIKN
daouarouerpia
Axtivov X

Edappoyég

Mototkr) avaAuon erndpavelwv (PEtalla, kpdpata,
Ny wyot)

Awepetvnon Sopng (evépyela 6éopeuong nAektpovia
g€opraral anod tnv ofelOWTKI KOTAOTOCN TOU OTOLYElOU

MAeovekTnpyoTa

*  Mn katoaotpodikn

*  Muwpn pokatepyacia Setypotog

*  Avixveuon oAwv Twv otolyeiwv ektog H kat He
MelovekTpata

*  MapéxeL mAnpodopieg povo yla emtidaveleg

*  YUnAo kootog

*  Muwpn XpNoWOTNTA OTNV TTOCOTLKH avVAAUCNH

photon
source

hv

sample

energy
analyzer




HAextpoviakn Paocuarouerpia Auger

Electron collision

Eniger
2p
2

Auger electron emission

_____ -h -

I _I Valence Level

=M, ...

—————0—4—

N

L3

L,

K

®Boplopog aktivwy X kat patvopevo
Auger avtaywvloTikeg S1ad kaoeLg

DBopLopog Aktivwv X uTtEPLOYVEL yLa
OTOLXElQ pE ATOULKO apBuo >10

Mapdywyog tou apBpou nAekTpoviwv
Auger wg ouvadptnon tng EVEPYELOG
déopeuong

XapaKTNPLOTIKA KaL Xprion TopopoLa he

N pwtonAektpoviakr dacpaTopeTpia
akTivwV X (CUUTIANPWUOTLKE G TEXVLKEG)



HAextpoviakn Paocuarouerpia Auger
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https://www.synchrotron-soleil.fr/en/about-us/know-us



Ada Yonath
Nobel Prize 2009
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https://www.nobelprize.org/stories/women-who-changed-science/ada-yonath/
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