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2TOXO0! TOU padnuarocg (1)

. scientific measurements, often involving
absorption or emission of radiation in different
parts of the electromagnetic spectrum, are not
only powerful tools for the characterization of
matter, but are also the mean of understanding
and quantifying a variety of phenomena that are
important for modern everyday life and past
human achievements, from the perception of
colour to the heat loss from buildings, from
pyrotechnologies used in the technological
transformation of natural materials to the
behaviour of bones after burial.

G. Artioli (2010)



2TOXO0! TOU padnuarocg (1)

. Ol ENIOTNUOVIKEC UETPNOELC, ITOU OouvNOwc
OUUIIEQ LAQUBAVOUV amoppo@non 1 &£KIOUI

AKT LVOBOAIQg O OLAPOPLET LKA TUNUATA TOU
NAEKTPOUXYVNT LKOU QACUATOC, AIOTEAOUV OXL HOVO
LOXUOA EPYUAE(O VIO Va xapaKTtneliocouue tnv UADnD,
AAAO KOl TO UECO VIO VA KATAVONOOUUE KAl VA
ITOCOT LKOIIO LNOOUMUE ULIX MOLKIALIO QUALVOUEVWY IIOU
glval onuavTIKY yIx Tnv Kabnuepitvn ouyxpovn (wn
KXl T avOpRmiLva €NLTEUYUATY TOU HOPEABOVTOCQ,
armd TNV avITIiAnYn TOV XPOUXTWV £wC Tn OLaoOOon
OBepudTnTag Ao KTipla, amd Tnv HUPOTEXVOAOY (X
ITOU XPNOLUOHOOLELTAL YIA TNV TEXVOAOYLKI)
UETATOONIN TWV QUOLKOV UALKQOV €wWC TN OCUUIEQ L QOO
TOV O0TWV UETA TnHV TAPH TOUC.

G. Artioli, Padova 2010
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PERSEVERANCE

The US rover is a car-sized vehicle
packed with seven instruments. lts
main task is to collect rock samples
destined to be carried back to Earth in
a future mission. It will also study the
planet’s weather and geology, hunt for
water, produce oxygen from carbon
dioxide, record sounds for the first time
and test a solar-powered helicopter.

produces

from carbon

Carousel

PIXL
X-ray
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Helicopter

-

Robotic
arm

SHERLOC
Ultraviolet
spectrometer

To TTpwrTO rover mmou Ba
XPNOIMOTTOINCEI KAl TIG
5 aio0noeig !!!

Opaon: 18 kapepeg
AQn: POUTTIOTIKOG
Bpaxiovag Kal
TTUPNVOAATITNG
Meoon: PIXL —
planetary instrument
for X-ray
lithochemistry
Oocppnon: Supercam
instrument vaporizing
samples at a distance
of up to 20 metres to
'sniff' their mineral
composition

AKonR: kataypagn
MEOow dUO
MIKPOQWVWV Kal
QTTOOTOAN AXOU



2T0X0! ToOU padnuarog (2)

* [10IOTIKEC KQI TTOOOTIKEC TTANPOYPOPIEC YIA
> TN OOUN TWV OPUKTWV

» TN XNMIKN TOug ocuoTaon

» 1A 101AITEPA XAPAKTNPIOTIKA TOUC
EKEIVA ONA. TToU TTPO00I0PI(OUV TH XPHON TOUC
w¢ TTPWTWYV UAWV VIa TV Tapaywyn meoioviwv
TTOU &ival QmrapaitnTa yia tn olatnpenan Tou
ONUEPIVOU AcC BIOTIKOU ETTITTEOOU (TT.X. METAAAQ,
Kpauara, TOIUEVTO, OKUPOOELQA, QUOIKOI Aiol,
yuaAia, xpwuara, xapTtia, apxaloAoyiKa UAIKQ,
K.d.)



2TOXO0! TOU padnuarocg (3)

* MeTpNOEIC QUAOIKWY IDIOTATWY YEWAOYIKWY OEIYUATWV:
» MIKPOOKOTTIO Il OTEPEOTKOTTIO

» ATTAG unxavika peoa (Cuyoi, TTUKVOUETPAQ,
UIKPOOKANPOUETPA K.Q.)

» HAEKTPIKEC CUOKEUEC KAl TTOAUTTAOKA NAEKTPOVIKA
opyava



2TOXO0! TOU padnuarog (4)

* @QeueNIWOEIC APXEC TNG PUOIKNAG I TG XNMEIAGC.

= ATTOpQiTNTEC TTANPOPOPIEC VIA TIC BACIKEC APXEC
TTAvVW OTIG OTToieC oTnpidovTtal ol hEBodoI N N
AEITOUPYIa TWV OPYAVWYV TTOU XPNOIMOTIOIOUE.

* MeyaAog apIBuOC avaAuTIkKwy opyavwy. Ol
OUXVOTEPA XPNOIUOTTOIOUMEVEG MEBODOI.



H avaykn yia opukra (1)

= XpNOIUOTTOIOUUE TEPACTIEC Ol TTOOOTNTEG OPUKTWYV N
TTPOIOVTWY TTOU KATAOKEUAJOVTAI OTTO QUTA.

= Aduvarn n d1aTAPNoN ToU onUEPIVOU Jag BIoTIKou
ETTITTEOOU XWPIC TNV KATAVAAWON OPUKTWV.

= KAtrola opukTa XPNOIUOTTOIOUVTAl OTNV (PUOIKN TOUG
HopPpn AOYW KATTOIAC OUYKEKPIMEVNC TTOAUTINNG
1010TNTAC (AlauavT: okAnpoTnTa. ApyiAoil:
TTAaoTIKOTNTA. Mappapuyieg: Bepuouovwan).

= AAAQ OPUKTQ UTTOPEI VA PNV €XOUV AuEON acia,
UTTOPEI VO TTEPIEXOUV OUWC XNUIKA CUCTATIKA
ueyaAng agiag (1rx. CuFeS, 2 34% Cu, Fe,0,).



H avaykn yvia opukra (2)

» Aev UtTapxel dpacTtnpioTnTa TNS (WKS JAg TTOU Va
UNV €CAPTATAI KATA TOV £vAV 1] TOV AAAO TPOTTO ATIO
TNV OMOAN TTPONNBEIa TTOIKIAWY OPUKTWV. 1.X.
[ewpyIKN TTapaywyn

* O OAIKOC OPUKTOC TTAOUTOC TTOU XPNOIUOTIOIEITAI O
LI XWPaA ATTOTEAEI OEIKTN EUNUEPIAC TNC.

" 2 UVEXWC AVAKAAUTTTOVTAI VEEC XPNOEIC VIO T OPUKTA
(Tr.x. ZrSi0, = (ipkovia kai Hf, (Fe,Mn)(Nb,Ta),Og ).

" 2TTAVIWG OPUKTA TTAUOUV VA £XOUV EUTTOPIKN agid
(T7.X. oWIdIavaOG).



TABLE 1.3

Average chemical composition of the Selected minor elements (those likely to be of
earth’s crust (to mineable depth) economic value) fnmwﬂag}:

Element  Crustal average m %
- Chilorine 130
Major elements (per cent): 135
Silicon 27 100
Aluminium Cobalt 3:

55

70

165
20
1.5

2
1.5

0.004

0.08
13

18




Nnyéc opukTWYV (2)

= 2¥EOOV OAQ TO OPUKTA £COPUCOOVTAI OTTO TO PAOIO
NG I'N¢ atro Babocg pExp! ~5km () a1Td AvakKUKAwON,
YVWOTH atrd TNV €1TOXN TOU XaAKou!), .

* EutuXwcG dgv utTTapxEl ouoIouop®n cUCTaCN TWV
TTETPWMPATWY TOU PAOIOU.

* [TOAAQ TTETPWHATA TTEPIEXOUV UEYAAEC
OUYKEVTPWOEIC OTOIXEIWV N opukTwy. OTav Ta
OPUKTA £XOUV OIKOVOUIKI agid, Ol PUOIKEC AUTEC
OUYKEVTPWOEIC ovouadovTal KOITAoUaTa.



Nnyéc opukTWY (3)

* [MaAaioTepa ATAV EUKOAO va BPEI KAVEIC KOITAoUATA
OPUKTWYV aTTO Ta OTTOia Ba JTTOPOUCE UE ATTAEG
MEBOOOUC va TTAPEI TO XPHOIUO UAIKO.

" 2NMEPA TA TTPOIOVTA TNG £€0PUENG ATTOTEAOUV MiyHa
XPNOIUWY KOl aXPNOTWV OPUKTWY TTOU OEV EXEI
AueEON acia.



Quality as mined

Wide size range

20-55% iron occurring as a
number of iron-rich minerals:
wide size range
0.01-1% tin in the form of
cassiterite (nominally Sn0O,)

5-15 parts per million
(by weight)

20-90% combustible matter in
a wide size range

20-25% of mixed clay
materials

1 part by weight of diamond in
every 1-10 million parts of rock

TABLE 1.4
Qualities of some typical materials: as mined, and as sold

Usual saleable quantity

Closely graded sizes

Greater than 55% iron - in
coarse fragments

Up to 75% tin
Essentially pure goid

About 90% combustible matter
in graded sizes

About 100% of a specific clay
mineral

Pure diamond - if possible in
its original (natural) size




m
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Moiog gival 0 poAog TS OpukToAoyiag

* EVTOTTIONOG KOITAONATOC

* 'EAEYXOC KOITAOUATOC HECW YEWTPNOEWV =2
TTPOCOIOPICHUOC EKTAONG TOU KOl OPUKTOAOYIKWY KAl
YEWXNMIKWY XAPOAKTNPIOTIKWYV

= EZOpucn (MNXAVIKOG HETAAAEIWV)

* [1p00dI0PICUOG KAl ZXEDIAOMOC TNG OIAdIKATIAG
LWETATPOTTNC TOU ECOPUCOOMEVOU UAIKOU OE UAIKO
KATAAANAoO yia TTwAnon (OPUKTOAOYOC + UNYOVIKOC
METAAAEIWV)

* MeTarpoTTr) TOU UAIKOU QUTOU O€ KATAVAAWTIKO
TTPOIOV (METAAAOUPYIKN Blopnxavia)



Moloc eival o0 poAoc TnC OpukToAoyiag

"H opukToAoyikn yvwaon givar TpoUroBeon yia 0An
auTtn Tnv o1adIkaaia evroTTiouoU — £E0PUENC —
ermeéepyaaiac NS mpwrTnNS UANS Kai UETaAAoupyiac.
O1 TTAnNpPOoQOopIEC TTOU arTaiTouvrTal Eival TTOIOTIKEC Kal

TTOOOTIKEC”



Moloc eival o0 poAoc TnC OpukToAoyiag

= OpukToAoyia €ival n ETIOTNPOVIKA MEAETN TWV
OPUKTWV. lNeplAauBavel TNV HEAETN:

» TNG ECWTEPIKN OOMNG Kal oUCTACNG TWV OPUKTWYV
» TWV QUOIKWY Kal XNUIKWV I0I0TNTWYV TWV OPUKTWV
» TNG TAgIVONNONG TWV OPUKTWYV

» TOU TPOTTOU YEVECNG TWV OPUKTWV

» TWV EUPAVICEWY TWV OPUKTWYV Kal TWV
TTAPAYEVECEWYV TOUC



Moiog sival 0 poAog TG OpukToAoyiag

H opukToAoyia TTepIopIfOTAV APXIKA OTN MEAETN
TWV UAIKWV TOU PAoIoU TNG YyNG
EVW ONMEPOA QOXOAEITAI TTIA KAl JE TN MEAETN

UAIKWYV TTOU TTPOEPXOVTAI ATTO TO d1ACTNUA KAl
OUVOETIKWV TTPOIOVTWYV TTOU HOoIAlouV UE Ta OPUKTA.



Ti €ival OPUKTO;

" |OTOPIKA: Eva aTEPEO UAIKO ATTO TO OTTOIO UTTOPEI va
TapaxOei Eva uETailo.

" 2NMEPA, OTAV KABNUEPIVA TOU £VVOIQ: QUOIKO UAIKO
TTOU O&V EXEI QUTIKN N CWIKN TTPOEAEUDN.

= OpPUKTOAOYOC:
* £va QPUOIKO OLIOYEVEC UAIKO
* VEVIKA avopyavng TTPOEAEUONC
« ue auvnbwce¢ kaAa kabopiouévn KOUGTAAAIKN doun
* Kal xnuikn ouoraon ueraéu KaAa kaBopiouEvwy

opiwV.



Ti €ival OPUKTO;

= QUOIKO UAIKO

» OQuoyevéc UAIKO
" 2TEPEO UAIKO

= Avopyavo

» KOUOTAAAIKO

» XNUIKN ouoTaon EVio¢ KaAQ TpoadIopIoUEVWVY OPIwWV



TABLE 1.5
Some commonly occurring polymorphic minerals

Hardness
(Mohs' scale)

3.5-4




AsiyparoAnyia

AEITMATA
* To duVATOV TTEPICCOTEPO AVTITTIPOCWTTEUTIKA

* To dUVATOV UIKPOTEPA =2 LEIWON KOOTOUGC OUAAOYNC,
dlaxEipIoNG, ETTECEQPYATIAC KAl AVAAUONC

= AUOKOAO va TTpoodloploBei n eAaxIoTn TTOoOTNTA
UAIKOU TTOU aTTaITEITAI VIO £vVa «KAAO OPUKTOAOYIKO
OciyMa» =2 TTPOTIMOTEPN N ANYN MEYAAOU OEiyUATOC.

= EvOoyevr) o@AApATa TTPETTEI VO EAAXIOTOTTOIOUVTA
o€ KGBe oTadio Tn¢ diadikaaoiag, yiaTi dpouv
aOpoIoTIKA.



ML _ Cd®
L-M o

where M is the minimum mass required to pro-

vide an adequate sample (in grams),

L is the gross mass (g) of the material
being sampled,

C is a constant (g cm~?) for the material,

d (cm) is the size of the largest fragment
in the sampled material, and

o is the statistical error that can be

accepted in the analytical result
(usually the assay, or elemental com-
position of the sample).
Since L is usually large in relation to M, the
above equation generally becomes

Cd?
M=

The sampling constant C takes into account the
mineral content and degree of liberation of the
sample:

C = fgim

where fis a shape factor (normally taken to be
0.5, except for gold ores for which
f=0.2),
g is a factor which depends on the par-
ticle size range (g varies from 0.25 to
1.0),

l is a liberation factor which varies from
0 (completely homogeneous material)
to 1.0 for completely heterogeneous
material, and

m is a mineralogical composition factor,
calculated from

m =290 - ayr + at]
a
where ris the mean density of the valuable
mmeml
t is the mean density of the gangue, and
a is the fractional average mineral con-
tent of the material being sampled.




=1 0,524

op

)

f=01

Estimation of shape factor “f’

default in most cases

Estimation of liberation factor “I” for unliberated and

liberated particles




Estimation of size distribution factor, g

Wide size distribution (d/d, ,s > 4) default g =0.25

Medium distribution (d/d, ;= 4...2) g =0.50
Narrow distribution (1 <d/d, 5 < 2) g=0.75
|dentical particles (d/d,p5=1) g=1.00




AsiyparoAnyia

* To pEyeBocg Tou dOeiypaTog TTou Ba oUAAEXOEI
gcapTarai:

» QATT0 TO MEYEDOC TWV KOKKWYV TOU,

» TNV OPUKTOAOYIKN TOU OUCTAON O€ OXEON UE TA
avaAuoueva oTolxeia Kal

» TNV CUYKEVTPWON TWV OTOIXEIWV TTou Ba
avaAuBouv ota AlyoTepo agBova opuKTa TOU
O€iyMaTOG.



AsiyparoAnyia

= AlaguAacn TNG AVTITIPOOWTTEUTIKOTATOC TOU
OciyMaTOC KATA TN OIAPKEIQ TNG KATEPYATIAC TOU
O€iyMaTOC YIia avaAuan.

* Au-Sn-Cr-Zr-Hf-REE kal opada Twv TTAATIVOEIdWYV
ATTAITOUV I101AITEPN TTPOCOXN OTN OEIyUaTOANWIa

= O OUAAEKTNG TWV OEIYUATWY TTPETTEI VO CEPEI TI KA
YIOTI TTPETTEI VO OUAAECEL!



Evopyavec MéBodor OpukToAoyikig avaAuaong

* [10IOTIKEC KQI TTOOOTIKEC TTANPOYOPIEC YIa TN OOMN
KAl TN ouoTaon Kal Ta 1I01AITEPA XAPOAKTNPIOTIKA
(1010TNTEC) TV O.T1.Y.

* OI QUOIKEC KOl XNUIKES 1010TNTEC TTPOCdIoPIfovTal PE
QTTAEC I TTOAUTTAOKEG OUOKEUEG KOl NAEKTPOVIKA
opyava.

= KaBe ouokeun ) 6pyavo otnpiletal o€ KATTOIEC
APXES TNG PUOIKNG N TNG XNpEiag.

* BaoikEG apxEg oTIC oTroiec oTnpilovTal ol uEBodoI N
N AEIToupyia TWV Opyavwy.



Evopyavec MéBodor OpukToAoyikig avaAuaong

= Xpnon KATrolag JopPneG €I0ayOuEVNG Kal EEAYOUEVNG
EVEPYEIQC.

= QwTOVIA, NAEKTPOVIWV AKTIVWV-X, EVEPYOTTOINMEVWY
IOVTWYV, OPATOU PWTOC, UTTEPIWOOUC PWTAOC,
UTTEPUOPOU PWTOGC, BEPUOTNTAC N KIVATIKAG
EVEPYEIQAC.

= MeydAa puAkn Tou opatoU ewTtog (3900-7700 A)
EMOPOUV OTA JHOAKPOOKOTTIKA XAPOAKTNPIOTIKA TWV
OOHUWYV TWV OPUKTWV > «OTATIOTIKN» EIKOVA TOU
OPUKTOU.

= O1 akTivec-X (Kal ol y) £xouv hAKN KUPOTOC MEPIKG A
= KATAAANAEC VIO AETTTOUEPEIEC ATOMIKWY OOUWV.



Tivaxas 9. Lnjuara oquiovpyonpeva og oeiyuo ton foufopdilerar amo SEaun n2.eXTpovioy.
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To HOVTEAO aTOuov Tou Bohr

* Ta NAEKTPOVIO UTTOPOUV ATTOKAEIOTIKA va
KaTaAapBAavouv oToIBAdEC UE CUYKEKPIMEVN EVEPYEIQ

» KaBe atouo xapaktnpileTal atro pia OUYKEKPIUEVN
OKOAOUBIa EVEPYEIOKWYV ETTITTEOWV.



MeTaBaosic nAeKTpOVIWY

* H aAAnAeTTidpaon YETAEU TOU POPTIOU TOU TTUPR VA
KAl TWV NAEKTPOVIWV Twv oTOIBAdWYV ecac@alilel TNV
MOVAOIKOTNTA TNG OOUNG TWV TPOXIAKWY EVEPYEIOKWV
EMITTEOWV VIO KABE XNUIKO OTOIXEIO.

= O1 yeTaBAoeIC NAEKTPOVIWY PETACU ETTITPETTOMEVWV
EVEPYEIOKWYV ETTITTEOWYV, EITE ATTOPPOPOUV EITE
EKTTEUTTOUV MO OUYKEKPIMEVN TTOOOTNTA EVEPYEIAC

= AvTIOTOIXEI OTNV OIAPOPA EVEPYEIOC METACU TWV
EVEPYEIAKWYV ETTITTEOWYV TOU ATOUOU.

= EkONAwvETAl WS NAEKTPONAYVNTIKA AKTIVOBOAIQ:

E=hv=hc/AN (eCiowon Tou Planck)

[E: evépyeia (J), v: auxvornta (Hz = 1s77), h: otaBgpd tou Planck]



incident electron incident electron
beam beam backscattered

backscattered characteristic X-rays electrons

e C‘;e’a;edgtg‘ons brehmsstrahlung secondary

eloctrons electrons
Auger visible light
electrons & % electrons
Fig. 2.3. Scattered radiation and secondary

particles produced by an accelerated electron
beam on a thick (left) and a thin (right) layer

of material. Every time an incident beam of

radiation or a particle interacts with mat-

ter, a number of simultaneous processes are

excited: each experiment is designed to spe-

. cifically measure one or more signals emitted

transmitted diffracted from the sample. The simulation within the
electrons electrons bulk sample shows the penetration of elec-
trons into the sample (i.e. the probed sample

volume): it is from this interaction volume

that the scattered signal is emitted.
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ig. 2.2. Vlsual representatlon of the electromagnetlc spectrum with wavelength, frequency and energy scales. (Modified from the LBL edu
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ELECTROMAGNETIC SPECTRUM

The diagram shows the entire spectrum of
electromagnetic waves. The scale at the
bottom indicates representative objects
that are equivalent to the wavelength . Atomic
scale. The atmospheric opacity determines - Nucleus
what radiation reaches the Earth's surface. d

Representative
Objects




Folding / unfolding El
oo b 0 T ke any ket James Webb Space Telescope v
Webb will be folded up Conceived more than 30 years ago as the successor to the Hubble &
for Ic?ur;lch, a”d.;"?[ged Space Telescope, Webb is the largest and most powerful observatory =
gra n;‘f'. y over It firs ever built. Once in orbit, it will allow astronomers to peer into Moan
monthin space the farthest reaches of the universe orbit
A .
o\ Hubble
: orbit,
570km
2 Mot to
scale
¢ = ' Secondary Webb will orbit
Sunshield 4 Secondary : LT
: : ; : Reflects Lagrange point 2 -
structure layers extend mirror primary mirror fumor ; : 5
Folded unfolds and separate deployed light from primary mirror  spot 1.5 million km

_ dIGYEd into science instruments  from Earth where

=== . gravitational pull

from the Earth and the Sun
balance out - allowing
observatory to remain

in stable position

Primary mirror
Almost three times bigger than Hubble's.
18 gold-plated beryllium

hexagons give much

greater light-
gathering
capability

Sunshield

Five tennis court-sized layers
block light from the Sun, Moon and
Earth to keep telescope at-223C,
‘essential to see faint infrared
light without interference

-rays

Integrated Science
Instrument Module (ISIM):
Houses four main instruments

o
5]
=
£
>

Seeing infrared
Webb will focus on
[ infrared range of

Star trackers  electromagnetic
power - i Helpto keep  spectrum, allowing it
array - Spacecraft bus telescope to observe objects too

Infrared  Visible

Trim flap i 2

Helps stabilize Control, power pointed old and too distant for

satepiiite Earth-pointing ] and other support  at target Hubble to see
antenna systems

A Hubble g
=
First galaxies ] a?'es .“‘g“
Webb o
2 %o
je of universe (ilions of years) H
rared capabiliies will allow Webb to see far enough o®
] explore what the universe looked like around 100 to 250 million 13.8bn
F na after Big Bang, when the first stars and galaxies began to form Today

Sources: NASA, ESA, CSA DGRAPHIC NEWS




MeTaBaosic nAeKTpOVIWY

= EdQv 0ev ugioTaTal avtaAAayn EVEPYEIAC METAEU TNG
OKTIVOBOAIaG Kal TOU UNIKOU = €eAQOTIKO OKEDQOPEVN
aKTIVOBOoAia = trepiBAaon (TTX. CUPPOAN KUPATWV).

* Eav n aAANAETTIOpaON EPTTEPIEXEI AVTAAAQYI
EVEPYEIAC =2 aveAaOTIKN dladikagia -
(PAOMATOOKOTTIO (ATTOPPOPNON KAl ETTAVA-EKTTOMTIN
TNG AKTIVOPOAIAC 0€ KABOPIOUEVEC OUXVOTNTEC).



Table 2.2. Definition of some of the most commonly employed instruments on the basis of the
nature of the probe. the process excited, and the radiation or particles detected. Acronyms of
the most diffused analytical techniques are explained. Acronyms of technigues not listed here may
be interpreted at http:/fwww.chemie_de/tools/acronym.php3?language=e

Analytical technigue

X-ray diffraction, XRD
Neutron diffraction, ND
Electron diffraction, ED
X-ray fluorescence, XRF
Proton induced X-ray
fluorescence PIXE
Scanning electron
microscopy-
energy dispersive
spectroscopy SEM-
EDS
Electron probe micro-
analysis, EPMA
Atomic absorption
spectroscopy, AAS
Optical emission
spectroscopy, OES
Neutron activation
analysis, NAA
Prompt gamma activation
analysis. PGAA
Visible spectroscopy, Vis
Ultraviolet spectroscopy.
Uv
Infrared spectroscopy,
IR
Raman spectroscopy, RS
Miissbauer spectroscopy,
Mas
X-ray absorption
spectroscopy, XAS
X-ray photoelectron
spectroscopy, XPS
Auger electron
spectroscopy, AES
Electron energy loss
spectroscopy, EELS
Inelastic neutron
scattering, INS
Thermoluminescence, TL
Optically stimulated
luminescence, OSL
Electron paramagnetic
resonance, EPR

Incident probe

X-rays
neutrons
glectrons
X-rays
protons

electrons

electrons
visible
temperature
neutrons
protons

visible
ultraviolet

infrared

infrared
y-rays

X-rays
X-rays
electrons
electrons
neutrons

temperature
visible

microwave

Interaction

elastic scattering
elastic scattering
elastic scattering
ionization-emission

ionization-emission

ionization- emission

ionization-emission
absorption
ionization-emission
nuclear excitation-
emission

nuclear excitation-
emission
absorption
absorption
absorption

anelastic scattering
nuclear resonance

absorption
ionization-emission
ionization-emission
absorption-energy

transfer
collective excitations

electron trap annealing
electron trap annealing

absorption resonance
under EM field

Detected signal

X-rays
neutrons
electrons
X-rays
X-rays

X-rays

X-rays
visible
visible
delayed y-rays
prompt y-rays

visible
ultraviolet

infrared

infrared
7-rays

X-rays

electrons
electrons
electrons
neutrons

visible
visible

microwave




AkrTiveg X

» MAko¢ kUpaTtog 109 kar 10-1° m
= 1 Angstrom (A) = 10"°m (dnA. 10A = 1nm)
= [ avaAuon xpnoipotroloUpe: 1 — 10 A
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ig. 2.2. Vlsual representatlon of the electromagnetlc spectrum with wavelength, frequency and energy scales. (Modified from the LBL edu




AkrTiveg X

* H amropakpuvon €vOo¢ NAEKTPOVIOU ATTO TIC EOWTEPEG
oToIBAdEC dnuUIoupyEi pia kevr) B€on oTn doun Tou
QTOMOU > EVEPYEIOKN aoTABEIN

* Avaipeon TnG aoTaBeIac auThS HEOW OUO
O1a0IKOTIWV:

* Jdladikacia Auger, CUVTEAEI OTNV EKTTOUTTA EVOG
NAEKTPOVIOU

= ExTTONTIA aKTivWwy X
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E hv EK_ EL

O K shell vacancy E hv Ex-E -Ey

Figure 5.1 The X-ray emission and Auger processes (Pollard and Heron 1996:
37). An inner shell vacancy is created in the K shell by the photoelectric process
(emitted photoelectron not shown). (a) shows the X-ray emission process, where
an L shell electron drops down to fill the vacancy, and the excess energy (Ex — E;)
is carried away as an X-ray photon. In (b), an L shell electron drops down, but
the excess energy is carried away by an Auger electron emitted from the M shell,
with kinetic energy approximately equal to Ex — Ei. — Em. Reproduced by
permission of the Royal Society of Chemistry.




AkrTiveg X

* [loio¢ atrd Toug dUO unxaviopoucg Ba AaBel xwpa;

» Evepyelako emmitredo TG apXIka kevwOeioag 6€ong
KAl TO ATOMIKO BAPOC TOU ATOMOU.

= O pBopIoPOC (W) TTOU TTPOKUTTTEI TTPOCOIOPICETAI WG
O APIOUOC TWV PWTOVIWYV TTOU EKTTEMTTETAI AVA
KevwOeioa BEon kal atroTeAEl TN HETPNON TNG
mMOavOTNTAC EKTTOUTIAGC AKTiIVWY X a1TO [ia
OUYKEKPIMEVN KEVN BEoN.

= O pBopIoPOC gival MIKPOC Yia Ta TTOAU eAa@pd
OTOIXEIO KAl YIa TIC KEVEC BE0€EIC 0€ OTOIBADEC EKTOC
TNS K = o1 diadikaciec Auger gival onUavTIKEG UOVO
Yia KeVEC BEoelc og aToIBAdEC atTd TNV L kail Tavw
KAl yia Ta EAAPPOTEPA OTOIXEIQ.
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Fig. 7.2. The spectrum from a copper anode X-ray tube.




ZUVEXEC @PACHA VS XApPAKTNPICTIKA @acuara

» Q1 Kevéc BEoelg TTou dnuioupyouvTtal otnv K
oToIBAdA TTPOKAAOUV BUO (POCUATOOKOTTIKA
CEXWPIOTEC paBdwoaelc, TIC Ka Kal K.

" 2 UVEXNG EKTTOUTTN OKTIVWV X, AOYyw TOU OTI TA
UWPNANG eVEPYEIAC NAEKTPOVIO TTOU TTPOCKPOUOUV
OTO UAIKO TOU OTOXOU UTTOPOUV vVa OIEYEIPOUV
eTTavaAaupBavopeva Ta ATOUA TOU OTOXOU diXwe va
ONUIoUPYOUV KEVA OTNV NAEKTPOVIKA OOMN, TA OTTOId
OTN OUVEXEIO NPEPOUV Kal aTTEAEUBEPWVOUYV Eva
PWTOVIO JE TNV IdIO EVEPYEIQ.

= QI eVEPYEIEC AUTEC YUTTOPOUV VA KuuaivovTal atro
UNKN KUPATOC TTou TTANo1adouy TNV UuttEPUBpN
QKTIVOBOAIa £w¢ Kal TNV aKTIVOBOAia akTivwy X.
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Fig. 7.3. The generation of X-rays of the line spectrum of copper due to the transfer of electrons into the K shell and the
generation of the continuous spectrum due to complete or partial electron collisions (from Phillips & Phillips, 1980).




Tagivounon pedodwyv

= O XNMIKOG KAl O QUOIKOC TTPOCDIOPIOHOG TWV
OPUKTWYV KOl TWV JUN KPUCTAAAIKWY OTEPEWV ATTAITEI
TN OUAAOYI OTOIXEIWV OXETIKWYV UE:

» TN XNMIKA ocuoTaon TNG NAldag TwWY OTEPEWV
» TN YEVIKN KPUOTOAAIKNA Kal KOUOTOAAOXNMIKA SO
» TO HOPPOAOYIKA OTOIXEIQ TWV OTEPEWV

» QANEC QUOIKEG I1I0IOTNTEC (TTUKVOTNTA, MNXOV.
2 UUTTEPIPOPA)

» OTITIKI) CUMTTEPIPOPA



Tagivounon pedodwyv

» Q1 TTEPIcOOTEPEG HEBODOI aTTAITOUV TN XPNoN
KATTOIOG UOPPNG EVEPYEIAC.

= Me Tn Hop@PN NAEKTPOVIWY, VETPOVIWYV, OKTIVWV-X,
EVEPYOTTOINMEVWY IO0VTWYV, OpATOU PWTOG,
UTTEPIWOOUG Kal UTTEPUOPOU PWTOG, BEPUOTNTAG I
KIVNTIKNG EVEPYEIQG.



lHIBII Analytic Systems and Deevices

Instrument or Analytic Use and Advanntages Limitations

Remarks
System

m.-_—m-——-———.__—-_—————————————-"—'“‘-——————.____‘_‘

Mineral [dentification

b e e e AR s~ S

Petrographic microscope Major toal for iddentification of Cannot identify clay-size material A principal tool; objects magnifieg
minerals as gnjrains or in thin

Differential thermal
“analysis (DTA)

Thermogravimetric ¢
analysis (TGA) -

X-ray diffraction (XRD) ¢

‘Infrared spectrometry (IR) 4

section

ldentifies tempeserature of mineral
transformatiorins

Quantitative minineral identification
in some instarnces; used in
conjunction wivith DTA

Major toal to ideentify minerals and
determine thesir structure

Mineral identific:cation and bonding
studies

Not characteristic for most
minerals; used principally for
clay minerals

Not diagnostic for most minerals

Mineral mixtures sometimes
present problems

Grain size must be uniform;
complex spectra of aggregates
may have many interferences

and optical parameters
measured by appropriate
attachments

Measures thermal changes arising
from mineralogic changes

Measures weight change as a
function of heating

Diffraction pattern of impinging
x radiation is characteristic of
crystal structure

Specimen irradiation by infrared
light causes characteristic
resonances




lalﬂlll Analytic Systems and Deevices ;

Instrument or Analytic

System

Wet chemistry

Blowpipe analysis

Neutron activation -

y-ray spectrometry

Polarography

Use and Advanntages

Limitations

Chemical Analysis

Determination oof presence and

amount of anysy element, usually

above 0.1%

Simple equipmesent, spot testing
for many elemments

Excellent sensit itivity (ppb-100%)
and precision - for a wide range
of elements

Best technique * for measuring

natural or induwced radioactivity;
used to determmine U, Th, and K

Quantitative me=asure of elements

in solution

Requires specimen dissolution,
procedures vary with element to
be determined

Qualitative only

Specimen must be activated by
thermal neutrons, usually in a
nuclear reactor

Limited to active y-ray emitters

Specimen must be in solution;
element must be reducible

Remarks

Used in all older work; now
usually employed with
nonsilicates and in spot tests

A traditional mineralogic
technique now little used

Radioisotopes formed by neutren
bombardment decay with
characteristic half-lives,
measured by y-ray spectrometry

~ rays from decaying
radioisotopes cause scintillation
in special crystals; flashes
counted by photomultiplier iube

Electrical potential needed 10
remove electrons from ions if
solution characteristic of the
ionic species

L ... 00 S




Instrument or Analytic
System

Optical emissi

'Speé [ l
(lC.P

Atomic absorption
spectrometry (AAS)

SEM-TEM

Spark source mass
spectrometry

Use and Advantages

Limitations

Chemical Analysis—Continued

Excellent sensitivity (ppm-100%)
for determination of cations;
rapid multielement
measurement

High sensitivity (ppb-100%) and
precision

Good sensitivity and precision for
quantitative determination of a
wide range of elements

Study of chemical composition of
very small areas (=~ 1um?)

Chemical determination of low-
level constituents

Lower precision than XRF, NAA
or AAS

g

Normally specimen is in solution;
single element measurement

Best sensitivity for elements
above atomic number 12

High initial and maintenance costs

Equivalent results obtainable from
less complex instruments

Remarks

Valence electrons, excited by a
flame arc, or spark will emit light
characteristic of the atomic
species.

Light of characteristic wavelength
* emitted by an element-specific
cold cathode tube is absorbed
by a flame containing the same
element

Very widely used for major and
trace element determinations in
rocks and minerals

Electron-beam-excited secondary
X rays have energies
characteristic of the atomic
species

lons accelerated by an
electrostatic field pass through
a magnetic field to separate
them by mass and charge




Instrument or Analytic
System

Mass spectrometry

Nuclear magnaﬂa
resonances

Use and Advantages

Limitations

Physical Constants

Determination of relative atomic
mass; employed for isotope
analysis

Molecular structure studies,
mainly of organic compounds

Examination of bond symmetry;
identification of valence state
of iron

Lengthy sample preparation

Nuclear properties limit which
molecules can be examined

Limited to about thirty nuclei

Remarks

Accelerated ions deflected by a
magnetic field as a function of
their mass

Resonant absorption of radio-
frequency energy by atoms in a
strong magnetic field

Reestablishes resonance of v
radiation being emitted and
absorbed by relative motion of
source and specimen
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