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Absorpce 3

Absorpce se fidi vztahy:

Ay
_ —H X _ P _ —Hm-d
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= Pro konstantni p.x zavisi zeslabeni pouze na Z/A.
Z/A = 0,4 - 0,5 pro vSechny prvky kromé vodiku (absorbuje nejsilngji).

Vyuziti: Stanoveni poméru H : C u uhlovodiku
Hm = Z:umi P
i
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Absorpce B (2)

Uhlovodiky — stanoveni H : C je kompletni analyza.

Detektor

>
_ Pro stejny objem vzorku treba znat p,
Filtr lep$i stejné mnozstvi (= stejné d = neni

treba meérit p).

Zari¢ — 20Sr.
<« Misto |, méfime |, po absorpci ve
standardnim filtru (1, = l,.e™#X).
‘ - \ Pfesnost + 0,1 % vodiku.

Zdroj

Vliv dalSich prvku jako O,, N, Ci S je maly.
Napf. pfi analyze mineralnich oleju 1 % O, nebo N, zpusobi
chybu 0,07 %, respektive 0,04 % H.,.

Obracene: Zname H : C — stanovujeme p.
Pfesnost az + 0,0002 g/cm3.



Absorpce y
Stejny vztah jako pro f3:

Ay
l=1,-e » =1l,-e"
Vyuziti pro mereni hmotnosti, hustoty, tloustky i chemického slozeni.
Nejsilnéjsi zavislost p, na E pri previladajici interakci fotoefektem.

Hm
[cm?p1] ¢ | E < 300 keV (previada fotoefekt):
10 i _k.Z_4.f (E)-d
- Al | l=1,-e *
10}, E E <0,7 -2 MeV (pfevlada Comptonuv
a | rozptyl):
| k2.
o1l | |=1,-e ~
- E (uplatni se jen zvySena absorpce H).
\~ 0,3 MeV
0,01 L1 11
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Absorpce y (2)
Priklady pouziti:
 Analyza uhlovodikl (zdroj °Co, vyhody — neni tfeba korigovat na O

a S, Ize mérit i v nadobe, nevyhoda — stinéni, velké vzorky).

« Stanoveni vlhkosti betonu (zdroj 11*®"Ag — méfeni v Comptonové
oblasti).

* Popelnatost uhli:
« Uhli—nizka Z (C, H, O, N)
« Popel-vyssi Z (Si, Al, Fe, Ca, Mg....)
= Nizkoenergetické zareni (*'°Tm - 129 d, B, IP, E, = 84 keV)

[ Detektor | Kalibrace pfimo v % popelnatosti.
TA T Presnost az 0,4 % popelnatosti.
et
.
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Absorpce y (3)

Praktické pouziti: ,Z
1. S tvrdym gama zaricem: l=1,-e A
» Meéreni tloustky x pfi konstantnim Z/A a p.
« Méreni plosné hmotnosti px pfi konstantnim Z/A,
pripadne p, pokud je konstantni i x.

2. S mékkym gama zariCem:
« Urceni Z/A pri konstantni plosné hmotnosti px.

Z4
kL. f(E)d
y (E)

Pouziti v praxi: I =1,-e
« Stanoveni vihkosti

Koncentrace roztoku

Analyza slitin

Popelnatost uhli



Absorpce y (4)

Pouziti v technické praxi: problém — dodrzeni stejné vrstvy materialu
(napf. na pasovem dopravniku).
—Metoda y — y (méfeni s mékkym a tvrdym zdrojem gama soucasneé).
Tvrdy zdroj — maly vliv Z/A — stanoveni px.
Meékky zdroj — po korekci na px stanoveni Z/A ze zavislosti Z4/A.

Dll lDz 2% s

[ J ([
mekké y tvrdéy
[Z4/A]  [pX]




Absorpce zareni X

Vyhodné — pouze fotoefekt, absorpce zavisi na Z4/A.
Zdroj: rentgenky nebo radionuklidové — napr.

“Fe —=— *“Mn+hv (E =6keV)
Pouziti:
1. Stanoveni S v kapalnych uhlovodicich (v ropé)

S: p, =200 cm.g

C: u,= 10cm?.g

H: un,= 0,5cm?g

Pokud zname priblizné pomér C : H a p, Ize stanovit az 0,01 % S.
2. Analyza slitin blizkych prvku

Pr.. Analyza slitiny Cu s Ni pomoci

“Ga—=— Zn+hv (E=8,7keV)
Ni: silna absorpce (K, = 8,4 keV)
Cu: slaba absorpce (K., = 9 keV)

abs



Zpetny rozptyl B

Dusledek interakce 3 s obaly i jadry atomu.
Popis: Koeficient zpétného rozptylu — R. R je funkci slozeni latky,
sily vrstvy, energie zareni a geometrického usporadani.

B R Kr Xe
! ? R% = Nr 100 A
l.' o ,‘@ |\lo Ne
@‘\“(’9"\@)/_,@ R% =aZ +b .
©]
Perioda Z a b
1 2-10 1.2311 -2.157
1 10-18 09673 +0,476
IV 18-36 0.68582 +5.556
V 36-54 0,34988 +17.664
VI 54-86 0.26225 +22 396
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Zpeéetny rozptyl B (2)

Slouceniny (smeési) — stredni Z. Vice moznosti vypoctu, napr.
Z=3pZ, 7 2 PZIA

o 2 PZIA

= PAZ+DAZ+ 4 DAL,
M

H — anomalni chovani (velka absorpce p = negativni ovlivnéni
rozptylu). Mozné korekce:

R=aZ +b-10,382x,

Z, =-1,434
/ 3

| = e l_ 5, =104m
10,0 Tm=""/ Al

[Cm, Mev’ g .Cm—3] IP32/AI — 9001le
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Zpeéetny rozptyl B (3)
EODR _ O 122 0,38 . EDOP
Al (Z = 13) Ph(z=82)  TI®

Z, = 26 (Fe)
Z, = 46 (Pd)
detektor detektor detektor °
N ODRA ® = 180°

1
|
\ar 150°
|
: 130°

\9 proy=0, Z>10
\
\
\

\

N ¥
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Zpeéetny rozptyl B (4)




Zpeéetny rozptyl y

Komplikovanéjsi nez pro . — zména sméru Comptonovym
rozptylem, ale pak fotoefekt....
Zavislost na energii zareni

R

Co-60 1,17 1,33 MeV

Cr-51 0,23 MeV

0 20 40 60 80 100 Z
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Zpetny rozptyl o
Rutherford Back Scattering (RBS).

E, >E,

, (M1COS®+\/M22—M125in2®)2

E ju—
El (I\/IZ—I_I\/ll)2
2
E2 :(MZ_M1)2 ,®=18OO
El (M2+Ml)



Rutherford Back Scattering (2)

* high energy particles directed toward a

sample
« bombarding particles are detected
10000 Bi
— Energy
— Angle 1000 _ Mo
] .. Log of @ re —_—
- technique used for determining depth  cuos: 1 o )
distributions of elements based on the = Section 10 “
energy of the backscattered particle 1h N
* He+ or H+ particles are used at a1 | |
energies in the order of 100 keV to o 20 40 60 B0 100
MeV Ememate Facir (%)
— backscattered energy related to the
mass of the target elemen_t E, (Ml cos ® 4+ \/M22 _ M12 sin? ®)2
— number of backscattered ions K= = >
proportional to the square of Z E, (M, +M,)

* heavy target (W)
— backscattered energy is high, almost as
high as the incident energy

« light target atoms (O)

— backscattered energy is low, less than
15% of the incident energy

» Relationship kinematic factor

» M2 is scatter 16



Rutherford Back Scattering (3)

Normalized Yield

2 MeV He RBS of a SigN4 40O, 4H layer

1 1 1

220 nm—

i

I

Si

Sample

2 MeV He
G

Detector

Elements: Be - U

Precision:
Stoichiometry. < 1% relative
Thickness: 5%

Sensitivity:
Bulk: % to 104
Surface: 1 to 10 Monolayers

0.8 1.0
Energy / MeV

RBS Spectrum of a Superconducting Y,Ba,Cu.O, Layer

Thickness

- |
100 [
80 |
® 60F
> i Cu
40 F
20 3
0 = .
1000

Depth / nm

-
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p
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2 K
..
—
B
-4
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-
—
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4
abd

16 MeV '50
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Zpétny rOZptyl o (2) ZDROJ

E,/E ¢ DETEKTOR
’ A

197 VAKUUM resp. H,

L S \/ZOREK
12
21 7
: : LI /\ < 100 ug/cm?
0 60 120 180 @ a) /\
b)
Pro® =160°, E1 =6 MeV, Z=12, 6 = 11-1031 m? 2420m

Z<15 (0,0 |//“\\fwﬁm
(o,p) :[B, N, F, Na, Mg, Al, Si]

>

18



Absorpce a rozptyl neutronu

OABs OrozpT. OaBs OrozPT.
PRVEK [108m2]| [10-28m?] PRVEK [108m2]| [1028m?]
H 0,33 38,0 K 1,97 2,0
Li 70 1,2 Ca 0,43 3,2
B 753 4.4 Mn 12,6 2,0
C 0,0045| 5,5 Fe 2,43 11,8
N 1,78 11,4 Cd 2400
O 2:104 | 4,24 In 190
Na 0,49 3,6 Sm 5500
Mg 0,06 3,7 Eu 4600
Al 0,21 1,5 Gd 44000
Si 0,13 2,4 Dy 1100
P 0,19 3,6 Hg 380
S 0,49 1,2 Pb 0,17 11,4
Cl 31,6 15 Ir 430
Hf 105




Absorpce a rozptyl neutronti (2)

Obsah prvku ekvivalentni 0.1 % B:

PRVEK Li |Cl [Mn] Cd|Hg |In] TR-GD

OBSAH [%]]0,616,8| 27 | 0,3]3,4 | 4| 0,02
he, m

| =1,-e" n =1 N,

@\ R|'Z' %’ARAFIN

N—
%
N

Cd

o ]

/
Pra—
i

Cd

roztok H;BO,
L, =50 mg/L

PARAFIN

20



Absorpce a rozptyl neutronu (3)

ATTETTRE () Registrace rychlgich neutrond
Y
NGy 2ZZZ Fe ~ 10 cm
""" =/ ZDROJn
* ZDROJ n

rychlych

@ Registrace rychlych neutronii

% %/PARAFIN

VZ

Wiz Fe
* ZDROJ n

rychlych

21
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Rentgenfluorescencni analyza

1) Rentgenova spektralni emisni analyza

2) Rentgenova spektralni analyza sekundarni emisi
= Rentgenfluorescencni analyza

(X-ray Fluorescence Analysis, XRF)

23



Rentgenfluorescencni analyza (1)

WLDXRF = wawelenght dispersive X-ray spectrometry:

Kruh goniometru

/
Z\RTG
VZ\ |
OR I
EK olimétor S KRYSTAL
NA = 2d sin ¢
EDXRFE = energy dispersive X-ray spektrometry:
ANALYZATOR
ATG ( WMA/\)
DETEKTOR

VZOREK

24



Rentgenfluorescencni analyza (2)

Af 712

Vi

4f 5/2

Vi

B 4d 5/2

N v

11 4d 3/2

4p 3/2

4p 1/2

4s 1/2

- 3d 5/2

3d 3/2

3p 3/2

3p 1/2

3s1/2
M-série

v Vv VL 2p 3/2

4 v 2p 1/2

25 1/2

K I VVYyV VY VY

1s 1/2

K-série

=1+

p=1-"

Al ==+1
Aj=0,1

m=2l+1

2(21+1)
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Rentgenfluorescencni analyza (3)

Ko, : Ko, : Kp,: Kp,=100:50:25:5
Lo, : La,: Lp,:Lp,: Ly,=100:10:80:60: 40

PRO STEINEL Ko, : Lo, =10:1
PRO K-serii: ~ Ep,>Ep,>Eo,>Eq,

EK ~7-8krat EL

EK_ : Al (1,487 keV) — U (98,428 keV)

26



Rentgenfluorescencni analyza (4)

MOSELEY:
Jp=AZ-a)
1 v oot
- = - VINOoCEC
)
1 1
v, =R(Z —1)2(1—2—?

1 1
v, =R(Z —k)2(22 —32)

27



Rentgenfluorescencni analyza (5)

DRASLIK
K, vlnova disperze
N, — rozliSeni 3 eV
(KRYSTAL.)
energeticka disperze
rozliSeni 150 eV
(SI/Li)
Cd
L(X
>
E

Nal(TI) rozliSeni 60 keV !!!

28



Rentgenfluorescencni analyza (6)

q S = n—x = fluorescen¢ni u¢innost
i
: —>
0 40 80 Z .
Pro K-serli:
Z4
B

T 741342

29



Rentgenfluorescencni analyza (7)

XRF — méreni vzorku

usporadani: a) na pruchod

RNF g

VZ

b) na odraz \VZ

detektor R

VZOREK VZOREK

™~ detektor




Rentgenfluorescencni analyza (8)

e
2,

%
>

~

‘9/%
7
%

VZOREK

DVOUSTUPNOVE
BUZENI

-ROZPTYLENE Z. X:
minimum pi1 90°

- MATRICOVY EFEKT

31



Rentgenfluorescencni analyza (9)

ZARICEPROXRF | T, zateni ENERGIE [keV]
A) X a mékke y
ke 2,7r | X (°*Mn) 5,7
109Cd 470d | X (1°Ag) 22
Y 87,5
241 Am 4701 | X (Np) 17,7
Y 26,4
Y 59,6
10Tm 127d | BREMS az 1000
Y 84
>’'Co 270d | vy 14,122, 136
B) vy tvrdé
192]r 745d | vy 308, 468, 600
137Cs 33r X (Ba) 32,2
v (Ba) 662

32



Rentgenfluorescencni analyza (10)

ZARICEPROXRF | T, zateni ENERGIE [keV]
C) &isté B
3H 11,3r | B 18 *) (Ti, Zr, Sc, Zr, BREMS)
147Ppm 261 | P 230 **) (Al, Ag, BREMS)

*) E=4,510 keV (Ti)K,
E =2,042 keV (Zr)L,

%) UTPm/A|

proZ=19-92

33



Rentgenfluorescencni analyza (11)
APOLLO15  7kanal 0,5-275keV
(Mésic) 1 —55keV

Al : Si

VENERA 13, 14 ANAL. CHEM 54, 957A (1982)
450 °C, ~ 90 atm (~ 9 MPa)

D — proporc. dat. (4x) (90 % Kr + 10 % CO,)
256-kanal 1,1 -8 keV Mg-Fe
9W, 8 kg

VZOREK

34



Rentgenfluorescencni analyza (12)

% (Venéra 14)

MgO 81 + 3,3
ALO, 17,9 + 2,6
SiO, 487 =+ 36
K,0 02 + 0,07

CaO 10,3 £ 1,2
TiO, 1,25+ 0,41
MnO 0,16 +£ 0,08
FeO 91 £19

s ~ 96 %

35



Rentgenfluorescencni analyza (13)

Ho
log p,

Hq

FILTR

€t

E; Exp E;

LR 4
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Rentgenfluorescencni analyza (14)

PRO MERENI V OBLASTI AE
N =N,+N,

N, = Ne ™ + N,

37



Rentgenfluorescencni analyza (15)

DIFERENCIALNI VYVAZENE FILTRY

(ROSSOVY)
nt EX ENX ANALYTICKA
\ LINKA
I ElK < < EZK
N (F) (F)

Fy

\

EI Ea EII

m v
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Rentgenfluorescencni analyza (16)
MERENI:
|:1: N1 — Nle—ﬂ1(E|)d1 + N e_/ul(Ea)dl + N” e—ﬂl(Ell)dl
a

|:2: N2 — Nle—ﬂz(E|)d2 + Nae_ﬂz(Ea)dz + N"e_/uZ(EII)dZ

E)G = )2, >VYVAZENi
Hy (Ep)dy = po(Ey)d;

A=N,—N, =N_(e*E% _gaEh)
A=N,—-N, =kN,

39



Rentgenfluorescencni analyza (17)

RIXE — RADIOACTIVE IMPLANT INDUCED X-RAY EMISSION

Napt'.:

57Co. 67Gg. 99MTc. 11|, 125] 201T]
se inkorporuje do analyzovaného vzorku...

- stanoveni kovil v organech in vivo
budici radionuklid ve formé radiofarmaka

J. RADIOANALYTICAL AND NUCLEAR CHEMISTRY
Articles 148 Vol.1 (1991) 33-41

40



Particle Induced X-Ray Emission (PIXE)

Particle-induced x-ray
emission (PIXE)

= Observing and detecting
fluorescent x-rays

charged particles from an
accelerator hits a thin
sample in a vacuum
chamber

= typically 2-4 MeV

protons

particles collide with the
electrons in the material

= Inner shell electrons
ejected

= Faraday cup is used to
collect the charge
deposited by the particle

= Determine beam current

characteristic x-rays from
the sample are detected

PIXE Technique

Using Ion Beam from Accelerator

Electron Knocked Away

lon Qut
lon In
from accelerator

Outer Electron Moves In
to fill vacancy

Atom with two of its orbiting electrons shown Gives off X-Ray

PIXE - Particle Induced X-ray Emission

Catch and measure the X-ray.
Characteristic energy of the X-ray identifies the element.

41




PIXE (2) — usporadani (Harvard PIXE system)

Final Collimation -

Me¥ lon Beam

¥acuum

Beam
Charge

Insulator

Faraday Cup

Graphite Window
Support

Surface Barrier
Detector

Si{Li) Detector —m=

X-ray Absorber
Filter Holder

Integration

Yacuum

O-Ring

Polymer Beam

Exit ¥Window

Sample

Purged Environment
at Atmospheric

Pressure.
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PIXE (3) — spektra

* spectrum consists of discrete x-ray peaks PIXE
superimposed on a continuous
bremsstrahlung Spectrum Particle Induced X-rav Emission
K, and K lines of lighter elements oo Gy T
— from the filling of the K shell vacancies i Senivi pom
= L lines of the heavier elements 3MeVp >I Depth Resolution’ none
= peaks corresponding to a given element sample Raster Imaging possible
are integrated to provide peak areas
— amounts of element obtained from Cuk
* knowledge of the absolute ionization cross 105k i
sections
* fluorescence yields Retans
* beam current geometry 0%t (&b
= comparison to the results obtained from a ,
thin elemental standard 5 o
 Elemental not isotopic composition E
“ e o= O
 Sensitivity 10 to 100 ppm 02}
3 MeV P,
Protons
10F (PIXE)
Bronce -

t 1 I 1 1 1 1 1 1 1 1 1 I} 1

2 4 6 8 10 12 14

X-ray Energy / keV



