_‘:H EAAHNIKH AHMOKPATIA

L Edvikov kot KamodiGtprokov
% Movemoetnuiov Adnvov

IAPY®EN TO 1837

I[TPOI' PAMMA METAIITY XTIAKQN XITOYAQN
«ANAAYTIKH XHMEIA — ATAXOAAIZH ITOIOTHTAX»

« H gaopoatookomio Raman ®g epyaielo TOLOTIKOU EAEYYOV VMKOV

Ap. Nektaprog K. Nacikog
Enikovpoc KaOnyntmc

Touéac Mabnuoatikov kot Emotmuov Mnyoavikon
2TpaTIOTIKN XYoAN Evelnidwv

AOnva, 2022



[HIEPIEXOMENA

v  Apopeo vakd — Yoot
v’ M£00601 6OvOeoNC AUOPP®Y DAKOV.
v  ®acpatookonio. Raman

v H ypion ¢ Pacpatoockornioc Raman otov molotikd Eleyyo Kot Tov Tpocdiopioid
TOV DVAIKOV



Auopoa Yo - Yolor

Crystalline Amorphous

[TeprodkotnTa 61N doun Amovcia TEPLOOIKOTNTAC OTT O0UN



Auopoa Yo - Yolor

Mucpng KMpoKog Mecaiog KAlpokog
En~3-5A hEn~5-20A

Crystalline

Amorphous x

Meyding kiipoxog
Téén > 20 A



Auopoea Yiiko, - 'Yolot

 —

[Teproyn e vaA®OOLS
netapoong

Apopeomnoinon
liquid
Kpvotdiimon

/

Oepuorpooio vainoovg uetdfoong. Ty

Oeppokpacio VAA®OOVS PETAPAOTG ~
TO ONUEIO TOUNG TOV KAUTVADV. V
S

Avtictoyel mepinov oto 2/3 T,

Ooco 1o apyd yoyetor £vo VAKO

glass 2 /7y

1L g
Toco peyarmvel o drabéoipog ypovog yia /
crystal 1 |

dwpopemoelg og kibe Beppokpacia. vy Y y

‘ Tg, Tgy  Tm

Toco mepiocoOTEPO UMOpEL Vo YuyOel mTptv Temperature
Bpebet ekTtOC 100ppoTing

H T, eCaptaton amd tnv Oeppukn
Iotopia ToL LAIKOV




Auopoea Yiiko, - 'Yolot

ITog mpoxdmTovy o1 HaAot;

Typo

Apyog pubuog yoéng

Kpvotdriimon @

I'pNyopog puOpog yocng

Y nepyoukto vypo Yo
Oeppoxpaocies kdtw amd T,

[Ipokvmtel Eva vypo
TEPIGGOTEPO 1EDOEC UE

: wepoutEPW pelwon g T




Booiko, oouixo. yopoxrnpiotiko [lvpitikwv Yoiwv

SiO,

Ao 6Aa ToL avOpYavaL YOOALA, TO YOOALE TTOVL TOPACKEVALOVTOL OO 0EEIOIOL TOV
[Tuprriov gival Kat to o d1adEO0UEVA KAl TA, TTIO IEE0OTKA LEAETNUEVOL.

Anpovpyet €va diktvo and tetpdedpa (Si0,) Tov evidvovtor LETAED TOVE OTIC KOPLPEG

Mpawg

TOAVULEPIOUEVO
4ikTvo, OmoL KEOE
dropo Si evdvetol
L TEGGEPQ ATOLLAL
(0]

Bridging Oxygens




Booikao, oouiko, yopoxrnpiotiko Llvpitikwv Yoiwv
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Booiko, oouixo. yopoxrnpiotiko [lvpitikwv Yoiwv

H npoc0eon TV 10vTOV £1€1 O ATOTELEGNO, TO «GTAGLIOY» TV GUVEKTIKOTNTOS

i TOV CKYEPUPOTIKAV» 0EVYOVOV, TA 0TTOL0 GLVOIEOVTAL OTIS KOPVPES TMOV TETPUESPOV
¢ silica (Si0,) ko KaTd cVVETELD SNULOVPYOVVTOL P1)- YTEPUPOTIKA 0EvYdve Ta
070l0, GLVOEOVTUL UE PHOVO £va, GTOpo Si.

KaOmg o1 cvetdoelc yivovtor OAo Kot o Tpomomoinuéveg To diktvo g silica
amomoAvuepileTar.



Booikao, oouiko, yopoxrnpiotiko Llvpitikwv Yoiwv

Awatagn Short-Range péoa oto diktvo

H sopk1) ko ynpikn
TOTIKT] OPYAV®GT TOV OIKTVOV GTA TUPLTIKA YVUALA, NTOPEL VO YOPUKTPLOTEL
07O TNV GVYKEVTPMOGT OLUPOPETIKOV 10V TEPLPAALOVTOS VLU TO. ATORA TOV
Si. Avtd ta meprpairrovra ovopdlovrar Q" species. 0<n<4

* Ytnv Silica, 6o ta dtopa Si, TeproToryilovron amd 4 YepupoTIKA 0Evydva.

210, IIKTA 0EVYOVOUYa YoaAd ocv cvufaivel akpifp®g To ioro.

Yta yooald avtd, To atopo. Si, propodv va £(ovv
"Eva, 0v0, Tplo 1] TEGGEPT UN-YEPUPOTIKA
O&vyova.

AvT0 e€apTdTaL 07O TNV CVYKEVTPOON
Tov TpomoromT®OV TOL SIKTVOV.



Booiko, oouixo. yopoxrnpiotiko [lvpitikwv Yoiwv

Ta €ion Q" 61N doun| TOV TLPITIKAOV LAA®V.

Q" (n: O apBudC TV YEQPUPOTIKAOV 0EVYOVMVY ava TeTpaedpo SiO,)

/ / / /
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/6 . FepupwTIKG dTtopo O
. : ATopo Si




2ouporixec uefoooir ocvovleong ouoppmy vAIKWY

* Sputtering * Reaction amorphization
* Glow-discharge decomposition * Irradiation

* Chemical vapor deposition * Shock-wave transformation
* Melt quenching * Shear amorphization

* Sol Gel

* Electrolytic deposition

* Chemical reaction

v Zmnv ovufotikn péBodo voromoinong melt quenching, n mpdn VAN 1 omoin
cuvnBwg PBpioketor VO TNV HOPET oKOVNG, TOomoOeTEITOL GE AdPOVT] YOVEVLTNPLOL
(cvvnBac Pt Al,O5) xan Bepuaivetan og Beppokpacieg > T, .

v ZINV GUVEXEIDL TO YOVEVLTAPL TOL TEPLEYEL TO THYMa epPomriCeTon ypriyopo o€
AOVLTPO VEPOD, OTTOV KOl OLLOPPOTTOLELTOL.



H teyvikn e ovowwang kou Oépuovanc omo laser CO,

['o v obvBeomn variwv pe v teyvikn tov levitation / CO, laser heating amottobvron
Tpio. 6TAO0.

210 TPOTO GTASI0, TO OPYIKE YNUWKA VIO TNV HOPPT] GKOVNG OVOLLYVOOVTOL UEYPIC
OTov dnuiovpyNOEel £va OLOYEVES UNYOVIKO Uiy, 0pOD TPOTNYOVUEVMC Exovv EnpavOet
Kol KaBoplotel vITO KEVO YL TVYOV TPOGPOPNUEVT) LYPOCIOL.




H teyvikn e ovowwang kou Oépuovanc omo laser CO,

KotdAnAn mocotnto oamd TO OUOYEVOTOMUEVO OElyld VIO TNV UOPQY) GKOVNG
tomofeTeiTon GTNV EYKOTI] TOL VILAPYEL GTNV EMPAVELN TNG YAAKIVIG VOPOYLKTNG Pdong.




H teyvikn e ovowwang kou Oépuovanc omo laser CO,

“* YOpOWuKTOl KOOPEMTEG e
emiotpwon Au. (x3)

% Laser CO, CW 240W
10.6 um (Synrad Evo Series)
s XdaAktvn vdpoyvkTn Pdon
% Axpo@iaoio (jet)

s O16An agpiov Ar

¢ PvOuiotic ponc agpiov

& cboled s Xeplomplo Asttovpyiog
sopgetthearth laser




H teyvikn e ovoywone kot Oépuovenc amo laser CO,

To laser CO, tiBeton oe Aettovpyio kol HEG® TOL YEPLOTNPIOL TOV, 1 €VIOGH TOV
av&avetar opyd Kol oTadlokd UEYPLS OTOL 1 GKOVN Vo opyiceEL Vo TNKETOL KOl AOY®
EMPOVELONKTC TAOMG Vo dnuovpyndel pa cpaipa.

Me amdtopo kKieioio tov laser dnpovpyovvran
TOAVKPLGTOAALKA GPaLpidLaL.




H teyvikn e ovowwang kou Oépuovanc omo laser CO,

XNV GLUVEYELD, apatpeitat N ydAkivn vOpoOyvKTn Pdon Kol oty BEon g torobeteitan 0
YOAKIVO  aKpOPUCLO HEC®  TOL oOmoiov péel to agpo Ar Kl avmucbvm ™mv
TOAVKPLGTOAMKY] GPaipa.
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H teyvikn e ovowwang kou Oépuovanc omo laser CO,

AxolovOel mhA mpooekTikn BEpuavon Tov LAIKOD oe Bepurokpacieg Alyo move amd v
Oeprokpacio TENG TOL, UE ATOTEAEGUO VO ONULOVPYEITOL IO CLOPOVUEVN-ATTO TNV PON
0L aepiov Ar-vypn ctayova.

Aéoun CO, laser




H teyvikn e ovoywone kot Oépuovenc amo laser CO,

Amdtopo wheiowo tov CO, laser, odnyel oe onuavikd peydAovg pvOuovg
yOEng (>500 — 600 °C/sec) pe cvvéneto Ty LVOAOTOINGN TOV LAKOV




IM\covexkTNpnoTa TS neBO60V CVOWMOONS Ko
Osppoavonc pe Laser CO,

v'H mopackeun avtdv Tmv vaA®V uTopel vo yivel povo ue ot TNV TEXVIKY.
Emttuyydvovtal vymioi puBuoi yoEng Aoy ypnyopoTtepNC amaymyng te Bepuotnrog.

v Tlepropiletar n pdéAvvVon TV VAK®OV omd T 0YEio TOV ¥PNOIUOTO0VVTAL 6E GAAEC
TEPUTTMOGELC
v ATOQEVYETAL 1] ETEPOYEVIIC TUPNVOTOINCT TOV VYPDOV.

v TTapéyetor 1 SuvatoOTNTO EAEYYOL TOV TEPUUOTIKOV TOUPAUETP®V (TT.) ETAOYN TNG
ATUOGPUPOS EPYACLNG).

v Mikpdg xpovoc yioo tnv THEN Tov VAIKOD (~SEC).
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Chandrasekhara Venkata Raman

Nobel Laureate

SIR CV RAMAN

7 November 1888- 21 November 1970
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nature
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Published: 31 March 1928

A New Type of Secondary Radiation

C. V. RAMAN & K. S. KRISHNAN

Nature 121, 501-502 (1928) | Cite this article

16k Accesses | 1265 Citations | 59 Altmetric | Metrics

IF we assume that the X-ray scattering of the ‘unmodified’ type observed by Prof.
Compton corresponds to the normal or average state of the atoms and molecules, while
the ‘modified’ scattering of altered wave-length corresponds to their fluctuations from

that state, it would follow that we should expect also in the case of ordinary light two
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Nobel Prize in Physics 1930
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Atgyeppévn niektpoviakn otdbun E,

«EV OLVAUELY EVEPYELOKT] GTAOUN

hvg n(Vo — Vyip )

hv, h(Vo + Vyip )

Rayleigh Stokes Anti - Stokes

AovnTikn evepyelokn otadpn

Oepemong evepyelakn otadun. E,



- ;

‘+2|80m

v

v +459 ¢!
l-+-?GI~--1» em!

-~
'

-~

v

T, + 790 e
T] + 762 cm™!

=

>y

L [ 1]

anti-Stokes R;iman Vbands
(type ¥y +ihp

—
g_

% %
o O S
- - - o =
B
1] |
\ r;-" i= || =
| 5%
‘ @ =F
DR
’ I | = s
! | 1] K
\\) U \J ]\

P
»

Lt

Stokes Raman bands
(type V| — Uy

Rayleigh
band, i7;

Daouotookomio.

Raman




Daouatookomio. Raman

KAlaow] weprypa@n Tov garwvopévov Raman.

"Evo ToAavTEVONEVO YPOVOECAPTNUEVO NAEKTPIKO TEOLO TTEPLYPAPETAL OO TV oo

\ /\ ,
2oyvotnta
[TAdtog g TahdvTmong E(t) . E 0 COS vaot TPOCTHTTOVGAG
aKTivoBoAiog
AAANAETLSpWVTOG LE EVA LOPLO, TOU EMAYEL pLa SLTOALKN poTtr}, Ttov SiveTal arnod tnv oxéon
Hlextpwn
SUToAMKY| poTt. P =q E =q EO COS 27‘: VO t

N

AV TO pOpP1o 00VEITUL PE P10 oVYVOTNTA V,, TOTE N peETETOMION TOL TVP Ve Oa Elvan:

[MoAwoémrTa

g=(yCoS2mv,t

[TAdtog d6vnong \—j




Daouatookomio. Raman

o pikpéc petatomicels, 1 TOAOGIUOTTE NTOPEL VA YPUPEL O YPOUUUIKOS GVUVOVACHOS
TGS ATONAKPVVETS ].

a=a, +(da/dq) q, + ....

H
TOADGLUOTNTO,

TPETEL VOl
aAlaCet

YOVETAG , | OUTOAIKY POTI), NTOPEL VO EKPPACTEL MG:

P=a E,cos 2w vyt

@ COS 27 vy BF Y2 (0a/0q), 9oE, @n(\’o +@@n(v0 - v, )]

Rayleigh Anti - Stokes Stokes

Axyx QAxy Qxz

Azx Qzy Qzz
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Kiaoikny neprypaon

IHeprypaosr emapr®Og AmoTtvuyyavel va
TO QUIVOUEVO npoPréyel cwoTA TOV
AOY0 TOV EVTACEMV
Stokes, Anti - Stokes

Stokes /JAnti-Stokes — 4 4
| Sokes JIANTESIONES = (v - vg)* [ (Vg + Vas) < 1
g avTi0Eon NE TO TEPURATIKA OTOTEAECNATA

H kBavrtounxavikr Oswpnon, divel tnv cwoti npofAsyn ya tov Adyo
Twv evtacswv Stokes — AntiStokes o omnoiog sivat:

|Stokes /lAnti-Stokes = (VO' V, )4 / (V0+ Vas )4 eXp(hCVs/A.s / kB T)



Lleipauotikn opyovoloyio

+ +
Ar’, Kr' laser

( z Polarization
[ e |
rotator

Collection lens
Systcn]_____’ —

.\'h".f.lk."d‘-c Double Premonochromator
| ¢
) Analyzer
L
| I | _,]M

Pinhole

Beamstop

(a) Right-angle scattering
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VV configuration .
VH configuration

Escr A

Em E}N]']

X x

Alyovio oTotyElo TOV
- expt 4 yexpt TOVVOTI TG
——
IISO (V) ]VV ( ) I ( ) ToAwGIoOTNTOS. MOVO
TANPOG TOADUEVES
dOVNGELG
— expt / — ) )
! ANISO (V) VI-II) (V) — Mn owyovia CTOLELNL
TOV TOVVLOTH TNG
TOADGIUOTNTOG.

Aodyoc amondrwong : p=1Iyy / Iy (0<p<3/4) Amomohopéves SoviceLC



Daouorookorio Raman

[214D) = (5o—2) o (9, T) + 1] I

Stokes

BP  0.5znCI-05znBr |[ 7 0.5ZnC1-05ZnBr,

300°C

Relative Intensity [arb. units]

0 100 200 300 400 100 200 300 400

Raman Shift [em™]

S. N. Yannopoulos, A. G. Kalampounias, A. Chrissanthopoulos and G. N. Papatheodorou, J. Chem. Phys. 118,
3197 (2003)



1o obornuo MgO — SIO,

[Tuprtikd cvotuoto pe Mayvnolo

[TAnpogopieg yio Tnv doun Kuwntwad povopeva

DuowoynKEg O1EPYaCies

» Eivau vakd pe peyddn veoloywkny onuocic, Koab®OG amavidvtol Ge
NPOIGTENKA TETPOLATO TOUPEYOVTAC TANPOPOPLES Y1 TO E0MTEPIKO NG I'MC.



1o obornuo MgO — SIO,
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= Forsterite
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Woavelength (microns)

Crystalline Silicates in Protostar HOPS-68 Spitzer Space Telescope * IRS
NASA / JPL-Caltech / C. Potect (Univ, of Toledo) s5¢2011-06b

Using NASA's Spitzer Space Telescope, astronomers have, for the first time, found (2011)
signatures of silicate crystals around a newly forming protostar in the constellation of
Orion. The crystals are from the olivine silicate minerals known as forsterite, and are
similar to those found on the green sand beaches of Hawaii.



1o obornuo MgO — SIO,

Zvomua X MgO — (1 —x) SIO,

‘Exouv peietnBel extevdg oto  moapelbov Atlyn €uopoaom €xer 6obeil oe
VOAOL TOV ONULOVPYOVVTAL GTO GUGTT O OLTO. cvotdoelc TAovoieg o MgO

MeletOnkav 01 GLGTAGELS

Xmgo 0.52, 0.54, 0.56, 0.58, 0.60, 0.62, 0.64,

Orthosilicate glass limit .
MgSiO, (Enstatite) l I:VIgzt 5'24
. ' ' ' (Forsterite)

Mole fraction MgO
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ddopatra Raman véairov xMgO-(1-x)SiO,

(o) Ddopata ¢ oeTIKNG évtacnc Raman tov véimv
TOL HEAETONKOV.
(B) ®bopata e avnyuévng évtaonc Raman towv véimv
TOL HEAETNONKOV.
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A. G. Kalampounias, N. K. Nasikas and G. N. Papatheodorou, J. Chem. Phys. 131, 114513 (2009)




Paocpa Raman xapunAwv cuxvotitwv (LFR)

10 o 1 10 e
A, 08 i . 0sl
E 06| !
Té’ 04| ] oaf
ZO 02| ] o2}
00| . @) ool |
20 100 20 100
Raman Shift [cm_l]

» AMyuévo ®¢ mPog TNV SuYvOTNTO NUAOYOPIOMKO OIUYPOLL Yo TIG
moilwacelc VV kot VH.

» Mikpéc petaforéc yia to eOpogC TS KOPLETG.
» To péyioto e kopvenc Tapapével tepirov otodepd (95 + 3 cm? )

> Iowutépmc peydin coyvotnta yio thv kopven Boson avéueoco oe OAa To
avOPYOVO, YOOAG KO OVETPEAGTT] TG GVGTOUCTC.



Reduced Isotropic Intensity R,

Ileproyn péomv svyvoritov 600 — 800 cm-:

Ot dovijoerg kapync.
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“*H avdivon yia v meployn péowv
GLYVOTNTOV £YIVE LLE TN XPT 0T TPLOV
YPOPIKOV Tapactdoemy Gauss yio tnv
AVOTTOPAGTAGT TMV OOVIGEMY TOL
TPOKAAOVVTAL 0TO TO dtdpopa £idm QN

Ogpeihovtor 6e OOVNOELS TOV
aAvcidwv Si— 0O - Si



Reduced Isotropic Intensity R,

Ileproyn vyni®v cvyvoritoy 800 — 1200 cm'?
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dvo akpaiec ovotdoelg SOMol% kot
66.7mol% MgO avrtictoya.

“*H avdivon yio v meployn vyniov
GUYVOTNTOV £YIVE UE TT PTOT TEGTAP®V
YPOPIK®OV Ttopactdoewv Gauss yio v
AVOTTOPAGTAUCT TV OOVIIGEWMYV TTOL
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Ileproyn vyni®v cvyvoritoy 800 — 1200 cm'?
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Oepuokpaciokn EEaptnomn e doung tov vaiwv

XePomoinTtog OonTIKOG (POVPVOS UE
uéyotn Oepuokpacio  Asttovpyiog
Tovg 900 °C
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2 VOUTEPOTUOTO,

v ' H alayn g ovotaon TV VOAmV Oev emQEpel amOToueg UeTaPforéc oty dopny Ol OToieg
avtikotontpilovion 6to eacpo Raman amd Tig doviGelg TV d1opop®y edmv QN .

v O1 moTiEg KOPLPEC TOL TapaTNPOVVTAL ©Te. @Aouato Raman vrodnidvovv v mopovsia
TEPUPOTIKAOV 0ELYOVAOV KO Kol 6TO Oplo ThG cvataong Mg,SiO, .
v EXeb0epo o&vydva gival Topovta Kot dlatnpovy ThY NAEKTPoovdeTepdTNTa. QoTOG0 0 GYNUUTIGUOC

QopTICUEVDV 100V 1) clusters dev umopel va omokAeloTel.

v’ Ze avTég TIC GLOTAGELS TA YVLOME EIVOL «IOVTIKOD TOTOLY.
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Raman spectroscopy for quality control and detection of e
substandard painkillers

Jone Omar, Ana Boix *, Franz Ulberth

European Conmmizsion, Drectorate-General Joint Research Centre, Directorate F — Health, Consumers and Reference Materials, Retiezeweg 111, 2440 Geel, Belgumm

ARTICLE INFO

Keywords:

Raman Spectroscopy
Chemometrics

Pain killers

APl

ABSTRACT

Raman spectroscopy and multivariate data evaluation were used to verify the chemical nature and the content of
the active pharmaceutical ingredients (API) (acetylsalicylic acid, ibuprofen and paracetamel) in painkillers. A
class-modelling approach (SIMCA) of spectral data was used to verify that the correct API was indeed present in
the pharmaeceutical preparation and to prove the selectivity of the developed method towards other commereial
APIs; PLS regression was used for the verification of the APl amount. The root mean square error (RMSE) of the
PLS models for the quantitation of the APIz were 11.3 % for paracetamol, 13.2 % for acetylsalicylic acid, and 6.2
% for ibuprofen in drug preparations containing the API at levels between 7.1 % and 92.3 %. Thiz level of ac-
curacy appears to be acceptable for a rapid sereening method, which makes it fit-for-purpose for deployment in
customs and forensic laboratories involved in the surveillance of the legal and illicit drug market.
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Home / Articles / 2016 / Quality Control with Handheld Raman

QRM Process

Quality Control with Handheld Raman

Ensuring compliance for raw material identification is easily within reach

By Claire Dentinger, Applications Scientist, Rigaku Analytical Devices
Feb 01, 201&

Raw material identification (RMID) is a critical step for ensuring compliance with Good Manufacturing
Processes (GMPs) and safeguarding the guality of pharmaceutical products. Increasingly strict regulatory
requirements for RMID mean that pharmaceutical manufacturers are under increasing pressure to improve
the efficiency of their RMID workflow while also achieving lower costs per analysis.
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- Agilent ] Trusted Answers
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Home > Products > Molecular Spectroscopy > Raman Spectroscopy > Raman Pharmaceutical Analysis Systems
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Innovative Raman Spectrometers for Noninvasive Chemical Analysis S—

Raman Spectroscopy FAQs
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Agilent Raman spectrometers use proprietary spatially offset Raman spectroscopy (SORS) and transmission Raman spectroscopy
(TRS) in fields ranging from airport security screening and pharmaceutical quality control, to hazardous chemical identification in the
field.

Spatially offset Raman spectroscopy
Transmission Raman spectroscopy

Resolve Reachback service

e i

SORS enables our Raman spectrometers to analyze through containers and opaque barriers, from helping first responders identify the
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BRUKER Raman Handheld spectrometer
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BRUKER Raman Handheld spectrometer
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HORIBA Scientific Resources Spectroscopy Matters

, Raman Spectroscopy Used to Fight Crime
Spectroscopy an Emerging

Method to Achieve Clean Water

Spectroscopy Used to Find Life in R.aman s.peCtroscopy Used to
Hidden Environments Flght Crl me

What You Need to Know About
Carbon Nanodots There's a breakthrough underway in law enforcement that can have a deep impact on

crime-solving efforts.
Photoluminescence Spectroscopy

Uncovers Photovoltaic Properties Cutting edge spectroscopy applications are beginning to make inroads into crime scene -

substance identification. Researchers are exploring how these complex spectroscopy
Semiconductor Characterization

Depends on Photoluminescence

methods can be used in law enforcement activities.

Biological stains are one area crime fighters focus on. These can be used to identify

MNutraceutical Fraud .
persons of interest.

Fluorescence Spectroscopy Used

. Biological stains include blood, saliva, semen, vaginal fluid, sweat and urine. Body fluid
by Winemakers

traces are important because they are the main source of DNA evidence. Currently, police
Policing “Organic Milk” with use various biochemical tests to detect and identify body fluids.

HORIBA

scientific
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Further Development of Raman Spectroscopy
for Body Fluid Investigation: Method
Advancement and Validation



2 OUTEPOTLUOTO,

v ' H @oouatookonioc Raman umopel va omotedéost éva a&0moTto, YPHYopo ©TO0 OMOTELEGLO. KOL
€0YPNOTO OVOALTIKO EPYOAEIO GTOV TOLOTIKO EAEYYO TMV VAIKDV LE U KOATOUGTPOPIKO TPOTO.

v"Exel non apyioet va ypnoiponoteiton o ToAESG e@apuoyss, otn Prounyavio, TiC KOTOOKEVES GAAG Ko
GE MEPMTMOGELS TOL £YOLV OIKAGTIKN 1 GAAN xpMoN.






