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Herschel kisérletei — a voros alatt
(no meg az Uranusz és a marslakok...)
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IR — ho — energia
(egy regi trikk mai kivitelben)

An AC-130U gunship fires flares to emit masses of infrared and confuse heat seeking missiles.
http://www.wired.com/dangerroom/2012/10/infrared-obscurant/



Rezgések és hullamok 13

(USA vs. Magyarorszag) o

(Tacoma Narrows Bridge, “Gallopin’ Gertie”, 1940. november 7.)

BME:
Schoénherz
Qpa
vs. 4-6
villamosok.

(egy budapesti villamos, “sarga sz6cske”, 2011)



A molekulak rezgesei 000

Theory of Infrared Spectroscopy
e deformacios rezgés
(Y valtozas a kotésszogben
+
— e szimm. vegyertekrezges
/ V4 7 -n / 4
- b/ valtozas a kotéshosszban

The wibration con be broken up into thres +
simpler motions, colled nomnal modes. For

ter, th the bend, ti 1 4 4 4
gﬁaih, GE;E ur?friS}fmm:Tric Egtretc?.mrgieﬁ \ ® a SZ I m m . Ve g ye rte k reZg e S
notdinecr  molecule hos  esoctly 3M-6

normol modes [where M ois the number of /’ VéltOZéS a kétéshosszban

otoms in the molecule) . i

IR Titor copyright © 1992-3 Charles B. dbrams m m m ' '

A spektrum a molekularis allapotvaltozasok 6sszessége:
kémiai és fizikai ,ujjlenyomat”.



Egy gyors példa a (M)IR-re
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Es egy masik gyors pelda NIR-re oo
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Gergely S., Farkas K., Forgacs A., Salgé A.: Quantitative and qualitative differentiations of alcoholic beverages by near infrared spectroscopy.
In Near Infrared Spectroscopy: Proceedings of the 11th International Conference,

Wavelength (nm)

9

Ed by Davies A.M.C., Garrido-Varo A., NIR Publications, Chichester, pp. 569-572 (2004).
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Murray I.: Scattered information: philosophy and practice of near infrared spectroscopy.
In Near Infrared Spectroscopy: Proceedings of the 11th International Conference,
Ed by Davies A.M.C., Garrido-Varo A., NIR Publications, Chichester, pp. 1-12 (2004).
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Bor - PQS utan PLS I.
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Abstract
PAT in different industries: challenges and opportunities for near
infrared spectroscopy

Jose Cardosa Menezes

IST, Technical Uinlversity Lisbon, Instiuse for Efctachnology and Eicengnesning, Av Roviseo Pals, 1043-001
Lisnon, Portugal

Introduction

PBAT iz process-bazsed whils Quatity by Design} & .unrmeiPAT.memaﬂnmkE
possible. Amoss p'nc!»mgmﬁ ncehzzn u..egni '\E enginsening approach dsowm-nseQ;:r?r
process into rrw materials (RM). processing steps and end-produrct. Processing can be done in muitiple
COMSECUVE und opemfon steps. Af all thres componem: thers are properties (chemical, phozical ar
biclogical) infruenced by process pemmeters. We demonstrate how WIE. has inminsic capehility as a PAT
1m1mlmkmcasmpmdxlmhezﬂ&ﬂmﬂams:mhpem;mgmms

Materials and Methods

Monitaring within PAT should be done on whale samples 2s they reprecent the raw material‘process/end-
prodiat. Process spectroscopy & an effective way o chizin rmitipls paramstars fom a sngle spactom A
lass commoety used approach is MIE. spactoscopyy as a procass fingemprinsins technigue; advanmage is taken
of its intmmsic ahility to caphre chemical and physical information, awiding the need for calihration
development and making the most of the availabilty of go-4ine ir-sity measurements for barch supervision.
These finzerprinting capabilities are 0 powerfill that the mocess majectores dmam foa those
Tesembls very closely those produced by ather meanmements, Exanyles of both applicarions of MIE will ba
desrribed for thoee Shmtions mamely biofiaels, petrochemical refimine and  hiopharrecemdls
mamzfcturing

Results and Discussion
PAT imvolves comsidermg all monmored varbles. As [m-mrocess momfornng techmques a2 mommally
. their use shou'd be advocated in process development and mamuzfactorine. Mhtiparamemic
DrOCess specmoscopy Edmiques enable severa! parameters to be measured somitansously, hishiishting the
comelation of different parameters on 2 whole le. That increases the capabilities for process fwmit
mmm&m-mm:mﬁMMiﬂEQMpMMMﬁﬁ'
problems Chepwaretnics, mubthanate analysis =chniques and systems enpireenng (alogether called PAT),
will play a decisive mole m bin'pharmme smical mamfactmng in vears to come at sample. banch ad process
lewels. An overall pictars emerges of the entire pmltstaze process based an an acomate pichmre of 1t mit
oparations By usmg the PAT toals in sapmple and batch levels, comslations berwesn diffement
points in the mamifachming process can sﬂl\mh,eoanImthﬁedmm:smm
in anficipating and resolving problems thar will have a regove mmpact on the process dowmmstream This
siratezy bns hesn appliad dwouzhour processing indusiries for: 1) accessing and conrolling e variabiliy of
m&mhaw&ummwammmmmmmm
1} hameline varisly dimins process urmmm::gqﬂhr?ﬂtnhﬂuﬂmﬁlm—p‘m ar-lime or oo-line
B mmmﬂmmuca]musm I~ i) end
Eg et qaa pmammr -prodisct mmitiperametric QO

Conclusion

The potential of PAT in nemafacturing areas is far from properhy evplotted due to the insufficient wse of
inminsically aic monitering woals (2.2 MR, Eile use of avalable x5 information. and mot
taking a processp wuhpu—:;ecm!ﬁtﬂm PATSE‘n‘teg}' BAT wels based on spectroscopy are
30 versatle and their advantages so diverse, it ks linle sense to imvest in chemical Ibomsonies 1o anaiyze
feed-siocks and the end-products of marufacraring planes, With curent ASTM standards addressins NIES
nze for quntative and qualitadve anabysiz, the road is opened o the wse of these moniormg techniques a3
PAT toals across processing indnstrias.

Krforence paper i
D e Aty U vy e e - i i

of dhe 158k ¢ U nrfereese or hear e towormmnpy
ok by M h'.uq'_L'Nl Hnlmrl'rr L181. Theoms w2 iF, Diownoy, Cape Town, Rt &inas, g 185

[ Mear infrared monitoring of wine fermentation ]

Dianiel Coz=zoling”, Wies Cynkar and Mevi Shah

The Austrailan Wine Recsarch Instite. Walte Road, Urteaa. PO Box 197, Adelalte, 54 S0EL, Al
*Comespondng author danisl coszolinodd 3T com.au

Introduction
The term process analydcal techoology (PAT) desasbes the fizld of process analysis and messurement
technologias that has expanded to inchade senu'ulphﬁim..dmal mathematical and ocher analyfical tools
used o characterise chemical and binlogical process “ ¥ This approach has become a key process for
momitoring parameters in the pharmacescal massty. It bas l=d to an erphasis oo measmement rethods to
mmmmmmmmmbmmmumm
. * Sinibrly, the modem wine mdustry neads toals far process comtrol and
E:EMIEI mmmyﬁmm&mgnmﬁmmndmmmm
a.lb;mabaami;mﬂ.u concenmadons; however, the aabysic of thess compomds by tmditional metheds s
fimes consmming ' The use of NIR. specmoscopy and chemometrics potantially provides an idaal :olution to
accurately amd rapidly pomitar changes in wine during fermentation witheut the nesd for mditional chemical
anafysis

Materials and Methods

Samples

Sanples were soarcsd from fementation mals condaced dunng four saccessve harvestz. Samples from

m]lenagdc(ﬂ:alefmmr Erape vanieties and treatments (e different and yeasts) were
different formentation points. Grapes were machine harvested imto bi lnidmgq:!mamm‘v

200 kg each and mansparted to the Roseworthy Hickinbetham Wine Science Labormtory at the Waite
Carapus of the Uréversiry of Adsixide The grapes were then de-stemmed. crushed, and purmped inte sooll-
sale fenperature confrnled frmentafion tanks (fwo modely-seleced bins per fank) The 2001
famentations were conductsd in e dferent types of famenter:, namely mfary (Vinomatic, 900 Ly and
stiomary (Pocer, 1100 L). The fermensers wers then moculxed with Sarcharomyees cermvisae (EC1IIE,
Lalvin, Carada). Far each fype of fammenter. the alooholic famentation was camisd o at o difeent
tenpemrares (18 and 25°C) T]Jeﬁhfmrmmﬁmsma.ﬂmﬁﬂadmhﬂﬂummdm
formenters s desaribed for the 2001 tial** The six statorary fermerters were mocdaced with
Saccharonyoe: bqyeug (AWR1375) from the Austmlisn Wine Ressarch Institue culnme collaction
Alcobolic ferrertation was camed ouf 2f mwo different terperatores (20 and 28°C). In the case of the sx
rotary fermenders, two different strains of yeast were used mmely Sarcharomyoes cenavisas (AWFE3E) and
Sccr&zraﬂg.wd Bpverer (AWR1375) bt the Srmenmations were carmiad our at o temperanme (20°C), The

fenmentations were conducted usmg the statomary fEmentsrs desoibed abeie mociaed with
Secﬂwamw. cenisa and Acoholic fermentanion was conductad at one tenmpemmure (20°0). A el of
ﬁij;ﬁm;mdxm(&bmSanagjm_l)ﬂl—lﬂ._,&he‘:ﬂm'lmm_l)ﬂ“]ﬂﬁ,
Shiraz 2000 = 144, Shiraz 2003 = 140) amd used fior both spectrescopic mnd chemometric anafyzes *

Wisible and near infrared spectroscopy
Fermentz were scamed oo the day of sanplins i pmamission mode (00-2500 ) using 2 scanning
monockromator FOSS WIRSystems6500 (FOSS NIFSystenss, Sitver Springs, MD, US4} *apeaam da

collaction was mads usng Vision version 1.0 (FOS5 NIE Systems, Sﬂ'.ESlImE.hﬂJ,USA)
mmmmmﬂmmmmmmm 1 recianlar Ciwete alm
pathlength before being scanced ™

Diata analysis and interpretation
Specma were exporied from Vision version 1.0 in W5AS fommt to The Unscramibler version 9.1 (CAMD

ASA Oslo, Noraayt for chemomedric analysss, Principal componsnt anafysss (PCA) was wsed to reduce the
dimensionality of the data 1o 2 small mumber of companents, 10 examine ary possble grouming of soples
according o the me course of the fermeration. and to idensify any ourliers ** Full imemal cress-validation
(leave-ome—out) was usad to validae the PCA models. The mumber of principed conponents (PO5) used inthe
DCA modals mas selected by the PRESS fincton (prediceed residual emor sum of squares) and oo atenpes
werz made to increass the mmbar of PO in arder to avoid overStting of the madal:

LF Lrosalon, “L‘Hh.llrl'lN Stah
P lﬁnrh: Atk S reirared SparTamapy
Rkt by M. Meamley, M oo, (1, Thopmt et 1 Drreciey Cpe- Trows, Eoueh Ao pp. 1L 5

b M i sy of o e,
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P/N 1026597, Issue 1 GB, Jan. 2012.



Borban az igazsag...
... léptéknovelés

FOSS: Wine segment brochure.
P/N 1026597, Issue 1 GB, Jan. 2012.

21



Borban az igazsag...

II: <11
bor

gyogyszer

22

FOSS: Wine segment brochure.
P/N 1026597, Issue 1 GB, Jan. 2012.



PAT (Process Analytical Technology) | ss:¢

= a folyamat kézben tartasa °

A PAT eszkoOzel:

hagyomanyos in-line érzékeldk
(pH, pO,, pCO,, T szondak)

a folyamat monitorozé eszk6zeinek kibdvitése egyéb
real-time technikakkal
(in-/on-line NIR/Ramanl/IR, in-/on-line HPLC, stb.)

Korszer( és gyors at-line mérések
Korszer( adatgyjté rendszer (SCADA)

Kemometriai (MVA) szoftverek (PCA, PLS stb.)

23
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Hogyan merjuk? — NIT es NIR .
NIT NIR *
@ féryforras ”!R/’)\\EJ%Z!!!
+ = @ tényfarrés
aptikai elem +
detektor :: } < : detektor
+ .
minta » y
+ tmints
detektor

~ 800-1100 nm
kisebb hullamhossz
nagyobb energia

~1100-2500 nm
nagyobb hullamhossz
kisebb energia
(* #... UV, VIS, NIR, (M)IR, FIR, ...)
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PAT (Process Analytical Technology) | ss:¢

= a folyamat kézben tartasa °

A PAT eszkoOzel:

hagyomanyos in-line érzékeldk
(pH, pO,, pCO,, T szondak)

a folyamat monitorozé eszk6zeinek kibdvitése egyéb
real-time technikakkal
(in-/on-line NIR/Raman/IR, in-/on-line HPLC, stb.)

Korszer( és gyors at-line mérések
Korszer( adatgyjté rendszer (SCADA)

Kemometriai (MVA) szoftverek (PCA, PLS stb.)
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...=line, ...-line, de melyik? I. 1T

(__\

in-line

,[...] These measurements can be:

Guidance for Industry

PAT — A Framework for at'line:
Develment. Mamalactumg. Measurement where the sample is removed, isolated from,
and Quality Assurance and analyzed in close proximity to the process stream.
on-line:

Measurement where the sample is diverted from the manufacturing process,
and may be returned to the process stream.

in-line:

Measurement where the sample is not removed from the process streamy
and can be invasive or noninvasive [...]”
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On-Line Monitoring
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| analyzer _: In-line
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Analytical Technology and PAT.
BioProcess International January 2007, 32—-41



Az in-/on-line eszkdze — a szaloptika l.
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Az in-/on-line eszk6ze — a szaloptika Il. | 222




Az in-/on-line eszk6ze — a szaloptika Ill.
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Technologiaba illesztheto (egyeéb)
eszkozok I.




Technologiaba illesztheto (egyeéb)
eszkozok Il.
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Mobil, hordozhaté (handheld) [Z=7 | se::

rendorseg, 060
iy iy futdszényeg ot
eSZ kOZO k szeméttelep. [

NIR FT-IR Raman

35



Ha egyedul nem megy | =

A ,NIR kesztyl” 6sszetevéi:
NIR - oldhaté cukrok * hangimpulzus — keménység,
Vis — érettség (klorofil) - potenciométer — méret

Lee KA.:
Review of applications of near infrared spectroscopy to food analysis.
The NIR Spectrum 2(2), 11-16 (2004)
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Klasszikus API vs. biomolekulak -4

Size & Complexity — Small Molecule Drugs & Proteins

Small ) )
Molecule Large Molecule Drug Large Biologic
o IgG Antibody

- 25 000 aloms

~ 000 aloms
Aspirn

21 atoms

Business Jetl
Car ~ 30,000 bs (without fuel)
~ 3000 bs

Complexity

37
http://www.gene.com/gene/about/views/followon-biologics.html
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ANIMAL CELL microtubule
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Bum N \ T chromatin (DNA)

nuclear envelope

E. coli emlossejtek
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Na akkor, modellezziink...

l. - - .
[
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A végso cél

Design space exploration

data

NIR specira
data

End-product

Guakitative

Golden batch trajectory
Design space limits = Control limits
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Off-line-tél a real-time-ig
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Fermentacio (E. coli) off-line nyomon

kovetése: PQS modszer m—
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Fermentacio (E. coli) off-line nyomon | se:¢
kovetese: PQS modszer oo
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Fermentacio (E. coli) off-line nyomon

kovetése: PQS modszer
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Fermentacio (E. coli) off-line nyomon | se::

kovetése: PQS modszer o
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Fermentacio (E. coli) off-line nyomon | se:¢
kovetese: PQS modszer oo
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Fermentacio (E. coli) off-line nyomon | se:¢

kovetése: PQS modszer o
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Fermentacio (E. coli) off-line nyomon
kovetése: PQS modszer
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Fermentacio (E. coli) off-line nyomon | s2:°¢

kovetése: PQS modszer o
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Fermentacio (E. coli) off-line nyomon

kovetése: PQS modszer
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Fermentacio (E. coli) off-line nyomon | se:¢

kovetése: PQS modszer o
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o Meéret
(PC1)

o Kulcs feje
(PC2)

e Szin
(PC3)

oxidalt

ovalis

teglalap

kék ciklamen

sokszdgu

i
4
s

sarga



PC2 vs. PC1

sokszdgu »

teglalap »

Kicsi

Kulcs feje
(PC2)

(asztal)

ovalis »

kerek »

atlagos
(aj:}ﬁg)

(kapu)

Meéret
(PC1)
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PC2 vs. PC3 f;('f;)fe"e

A
sokszogli P ilc
teglalap » |
|
Szin
oxidalt  fém ek ciklamen sarga (PC3)

ovalis »

kerek » Tﬁ@ ' ? @
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GXE hatas vs. PCA L

Gabona mintak termesztési helyei

Racot, Poland

Bury St Edmunds, UK

Franciaorszag (Clermont-Ferrand)
betakaritas eve: 2007

Magyarorszag (Martonvasar)
betakaritas éve: 2005, 2006, 2007

Clermont Ferrand, France .

Lengyelorszag (Dankow/Choryn)
betakaritas éve: 2007

Egyesdlt Kiralysag( Bury St. Edmunds)
betakaritas éve: 2007 Martonvasar, Himgary
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GxE hatas vs. PCAIL.
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Polimorf transzformaciés vizsgalat: sels
fenymikroszkopos felvetelek oo

Forma 3

Forma
g B

glt

-

Forma 1

s

Forma b
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Factor 3:
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Factor 4 :
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Polimorf transzformacios vizsgalat:
in-line Raman-szaloptika (PCA)

Projection of the variables on the factor plane [ 2x 3
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Factor 2: 4%
Projection of the variables on the factor-plane [ 2 x 4]
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Fermentacio (E. coli) in-line nyomon
kovetése: diszp. NIR-rel PCA, PLS
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APl meghatarozasa — simitas hatasa
a derivalt képzésére

NIR

0,0225

os | 1. derivalt

o Az elsd és masodik

derivaltak képzése a :
kezeletlen spektrumokbdl = gors]
méas-mas beallitasokkal /\W\
torténik: = o)
Diszperziés NIR esetén: 1100 1300 1500 hu:lzomohos:zQ:):m) 2100 2300 2500
2,4,8,12, 16, 20 nm-es
(1,3, 5, 7,9, 11 pontos) o] 1. derivalt
kapu é 0,0800
[,gap-segment” derivalt] g
FT-NIR esetén: g 1
5,9,13,19, 25, 37, 49,

1100 1300 1500 1700 1900 2100 2300 2500

hullamhossz (nm)

149 pontos kapu
[Savitzky-Golay derivalt]




APl meghatarozasa — diszperzids vs.
FT (pl. detektorok)

NIR

FT-NIR

0,0045 6,00E-05
. .,

_ s | 2. derivalt _ «oes | 2 derivalt
E 00025 | l S 2,00E-05
o o
& 0,0015 2, 0,00E+00)
& 0005 1 < 200805
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3 -0,0015 | S -6,00E05 |
2 2
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N 10,0035 | 2 nm ' ' _1,00E04 | 5 pont

-0,0045 ; ; ; ; ; ] -1,20E-04 ‘ ‘ ‘ ‘ ‘ ‘ |
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0,0900 3,00E-05
. 7 - V4

. 0,0700 2 der|Va|‘t - 2 denvalt
£ ¥ 2,00E-05
S 0050 s
& 10,0300 1 $ 100805
Z 00100 1 &
= < 0,00E+00
2 00100 S
£ .0,0300 - S -1,00E-05
2 Z
& -0,0500 o
° S _2,00E-05
~ .0,0700 ~
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A feltaras lépései — (1Q)Q = 1Q?2 0o

e Identification — azonositas
o Kivagy te?
eles spektralis kilénbségek keresese
korrelacio, euklédeszi tavolsag stb.
e Qualification — minésités
e Hova tartozol?

szubpopulacidk definialasa finomabb eltérések alapjan

fokomponens analizis (PCA), Mahalanobis-tavolsag stb.
e Quantification — mennyiségi meghatarozas
e Mennyi az annyi?
referencia paraméterekkel kalibracidk

64
részleges legkisebb négyzetek (PLS) modszere stb.




Spektrumkodényvtar — anyagazonositas

(NIR)
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Spektrumkodényvtar — anyagazonositas
(analitikai IR

|Method Editor - spektrumkinyvtar #1
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Spektrumkodényvtar — anyagazonositas
(analitikai IR
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Spektralis hiperkocka vs. tudomany
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Az eszkdzok fejlédése — (hideg) sels

haborukon keresztiil (ll. vilaghaboru) | ¢

e {MLACK SEARCHIIGHT)|

Ejjellatok
kezdete:
Lvampir
egység”
(németek).

WunderWaffe 1 - vampire vision: could be used by the snippers at night because of its infrared vision. 69

http://obviousmag.org/en/archives/2010/07/extraordinary_weapons_of_the_nazi_germany_-_techno.html#ixzz2ahKgFiQw



Az eszk6zok fejlodéese — (hideg)
haborukon keresztiil (hideg haboru)

Harc a
hadizsak-
manyert...
(USA vs.
Szu.).

Sok uj USA /
Szu. fegyver
német
alapokon...

http://www.togtech.com/huge-cold-war-camera-with-100-inch-infrared-lens-takes-two-to-operate/
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Az eszkdzok fejlédése — (hideg) sels

haborukon keresztiil (Korea, Vietnham) | «

Még ma is
megvasarol-
hat6 az
interneten.

U.S.

SN!PERSCOPE Mkl
INFRARED
SET NO. I, 20000 VOLTS

http://www.icollector.com/KOREAN-WAR-ERA-M1-CARBINE-INFRARED-SNIPER-SCOPE_i5326808 n



Az eszkdzok fejlédése — (hideg) sels
haborukon keresztul (pl. Irak) o

Mai ceél:
kisebb
berendezés,
jobb
felbontas.

DARPA:
lasd még a
robotkutyat

is...

http.//iwww.wired.com/dangerroom/2013/04/darpa-infrared-cameras/ 72



Civil alkalmazasok — hideg/meleg |.

http://www.newleafhomeenergy.com/services.htm

Energia-
osztalyba
sorolas:
hol szdkik a
hé...
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Kutyalihegés
= héleadas.
(Bérén
nincsenek
porusok.)

MASANPAC

NASAJIPAC

Melegveri
ember

VS.
hidegveri
gekko ...

o
=
oo

(B3}
o
-4

']
o
fug|

(]
Tk
I

WA SANPAC

http://coolcosmos.ipac.caltech.edu/image_galleries/ir_zoo/coldwarm.html

Civil alkalmazasok — hideg/meleg lI.

A fej
leghidegebb
pontja:
fulunk.
(Egett ujj...)

... vagy
skorpid.
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Civil alkalmazasok — hideg/meleg lll.

Torott
kozépsé ujj
gyogyulasa

S

Szomato infra:
+ : gyulladas
vagy tébb ér

(daganat)
- : lipébma

L 7

75

http://infra.blog.hu/2008/01/19/gyogyulas_kovetese_a_szomatoinfra_berendezessel



Egér a Marsrol |. 44

Itt mar aktiv: Sokszor csak Korai észlelés
IR besu- a bonc- és terapia:
garzas, DE asztalon latjuk | | jobb esélyek.
roncsolas- az Alzheimer- NIR kamera

mentes kor allapotat. segit.
Near-infrared
light
CCD
camera
Golde T.E., Bacskai B.J.: 76

Amyloid deposits can be rapidly detected in the brains of living mice using a novel ligand and near-infrared fluorescence imaging.
Nat. Biotechnol. 23(5), 552-554 (2005)



Egeér a Marsrol Il.

30 min 60 min 120 min 240 min

Hintersteiner M. et al..
In vivo detection of amyloid- deposits by near-infrared imaging using an oxazine-derivative probe.
Nat. Biotechnol. 23(5), 577-583 (2005)
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Support
Sumriddetchkajorn S., Chakkrit Kamtongdee C.: 78

Optical penetration-based silkworm pupa gender sensor structure.
Appl. Optics 51(4), 408-412 (2012)



Szexalas Il. ool

Nézziunk bele
a NIR
segitségével a
selyemhernyé
babjabal

Transparent
Acrylic Plate

Silkworm
Pupa

Y

Close Up View

Sumriddetchkajorn S., Chakkrit Kamtongdee C.: 79
Optical penetration-based silkworm pupa gender sensor structure.
Appl. Optics 51(4), 408-412 (2012)
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Sumriddetchkajorn S., Chakkrit Kamtongdee C.: 80

Optical penetration-based silkworm pupa gender sensor structure.
Appl. Optics 51(4), 408-412 (2012)



Mikro/makroszkopos képalkotas I.

e Par/tiz mikrométeres nagysagrendek(tol)

e Lathato kép: vizsgalando tertilet megkeresése, majd (N)IR méres

e Nem, vagy csak kis mintaelOkészitést igényel: kevesebb hiba

e Kiul6nb6z0 meérési modok: heterogén mintak kénnyebb vizsgalata

(bemozdult

Meddig tart?
Mas megoldas
lehet j6...
fénykép)

egy pont tébb pont tertlet
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Mikro/makroszkopos képalkotas Il.

p e

N

SN\

pont kep 82




Mikro/makroszkopos képalkotas lIl. 0oo

e A 16 elembdl all6é detektorsor a mintat 100 um x 6,25 um vagy
400 um x 25 um blokkokban latja (NIR esetén, IR: 1,56 um...)

o 10 lepés masodpercenkent, avagy 170 spektrum egy masod-
perc alatt (16 cm™! mellet) 8



Mikro/makroszképos képalkotas IV. 0eo

videotelefon
fejlesztése
(AT&T): 1969!
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Mikro/makroszképos kéepalkotas V.




Mikro/makroszkopos képalkotas VI.

spekularis diffuz gyengitett
reflexio reflexid teljes reflexio
(ATR)
E R E

R
(reflexio)

mintafelszin mintafelszin mintafelszin
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Mikro/makroszkopos képalkotas VII.
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Mikro/makroszkopos képalkotas VIII.

Cassegrain objektiv

elmozdulas (x,y) _ - ﬁ'i-r'?t:rlStaly ES

31



Képalkotas — tablettavizsgalatok

e Technoldgia nyomon kévetése I.
bevonas

1390nm bevonat (Opadry Pink): id6 elérehaladtaval er6sddé jel 1390 nm-en

0]
-(r4

_j 100 0.6
-E -0.8
200} -1

] 200 400 600 B0 1006} 1200 1400 1600 1ROO -12
Pixels
2120nm korpusz: idd elérehaladtaval gyengulé jel 2120 nm-en
|2
1
0%
] 200 400 600 800 1000 1200 1400 1 GO0 1 ROO 06
Pixels '
bevonas ideje >
89

Maurer L., Leuenberger H.:
Terahertz pulsed imaging and near infrared imaging to monitor the coating process of pharmaceutical tablets.
International Journal of Pharmaceutics 370(1-2), 8—16 (2009)



Képalkotas — tablettavizsgalatok

e Technolbégia nyomon kévetése Il. e Eredetiségvizsgalat
o kevereés

Hamis

PIl. hamis
Viagraban a
kék szint
patkanymeéreg
adta.

Counterfens ﬁrlngi:mﬂ
Gendrin C. et al.: Gendrin C. et al.:
Content uniformity of pharmaceutical solid dosage forms Pharmaceutical applications of vibrational chemical in
by near infrared hyperspectral imaging: A feasibility study. and chemometrics: A review.

Nem kell
eltérni, a ,NIR”
belelat.
(Megmarad a

bizonyitéek.)

Talanta 73(4), 733-741 (2007) Journal of Pharmaceutical and Biomedical Analysis 48(3), 533-553 (2008)



Micrometers

Eredetiségvizsgalat vs. imaging:
makro (VIS)

e FEredeti °

5000.0 S000.0

4000 4000
3000 i
2000 2000
1000 1000
g
T
o
g
=
-1000 1000
-2000 2000
-3000 3000
4000 4000
50000
50000 4000 -2000 o 2000 4000 5000.0 4000 2000

Micrometers

Micrometers

Edzéteremben
izomnéveld
helyett
,barkacs
cucc’.

2000
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Eredetiségvizsgalat vs.

makro (NIR)

e FEredeti

Abs.

Micrometers

37A0,0

3000
2000

1000

PCA

Micrometers
=

-1000
-2000

3000

37500

2000

Micrometers

2500

2000
Micrometers

ATE0,0

e Hamis
Abs.
2418 —
2285
2160 '
2038
1.308 5
b
E
1782 g
2
1,881
1579
1.402
1283
1151
Score 1 img Jren.n
p=iniulg= Jfﬁﬁi 3000
Score 3mp
1.0000 2000
|..0000
1.0000
0 1000
T
E i}
=
2
= 100D
-2000
-3000
-0.93458 D
| 2500

Micrometers

2000
Micrometers

IFE0.0

Matrixhatas.

1.808

1685

1.558

1.432

1.312

1.181

Scare 1.0mp
Toore 2imp

Score 3imp
1.0000

1..0000

1.0000
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Micrometers

Technolodgiai probléma vs. imaging

RADTE
e |

8260

Abs.
1.612

1.568

1.525

1.478

1.438

1382

1.348

1.305

1.261

1218

1174

» Képalkotas NIR tartomanyban:
nincs roncsolas

* 400 x 400 ym meéretld mérési tartomany,
6,25 x 6,25 ym meéretl képpontokkal

* 64 x 64 pont, azaz 6sszesen 4096 pont,
pontonként 128 spektrum atlagolasaval

- Atlagos abszorbancia értékek alapjan
szinezett abrak
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Technologiai probléma vs. imaging:
korrelacios téerkepek (2D ées 3D)

’ corr_ Filmbevonat
Hatéanyag (Opadry®)
R2=0,88-0,96 i R2=0,41-0,54 .

1.804

0716

0633

0.548

(.466

Micrometers
Micrometers

0382
0.299
0.215

0132

455.0 800 70 800 BBE6.0

0672

0.607

0.543

0.479

0414

0.350

0.285

221
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Képes képtelenségek

Micrometers

=A00010

4750
-1000

-2000

-3000

-4000

1650010 12000 20000

22000 24000 26000

Micrometers

28000

30000

32000

Abs,
1.54351

1.4084
1.26813
1.1205
05857
08387
06378
0.556%
0.41&0
0.2751

35025010.1342

|6szunyog szarnya: 18,5 mm x 4,5 mm = 132 000 spektrum

Q0250
2000

G000

4000

2000

Micrometers

-2000

-45000
-120000

-5000
Micrameters

000

85250

Ahs
nolle

oolog

0.00%7

0.0037

0.0078

00065

00054

00043

00032

00022

0001l

Anyagok
azonositasa
(vegyszer,
|6por) az
ujjlenyomaton.

ujjlenyomat: 20 mm x 13,5 mm = 450 000 spektrum

Szerkezet,
Osszetétel
megallapitasa
roncsolas
nélkul.

95



A (N)IR modszerek, technologiak
elonyei

Roncsolasmentes (fermentacio, anyagazonositas, homogenitas,

bevonat, hamisitas, visszaru, csomagolbéanyag stb.)

Mozasok)

ndsegbiztositasba
e FDA  alternativ’ mddszere

o Koltséghatékony, nagy atereszt6képessegl

Gyors (jelsorozatok (masod)perces nagysagrendben képezhetbk)

Rengeteg rejtett informacidé megfejthetd (adatbanyaszat, oknyo-

Gyors visszacsatolas a technoldgiaba, mindsegellendrzésbe, mi-

e Judasintenziv modszerek

A nemtudas
tudasa
a tudas
kezdete... 96



Készbnetnyilvénités

"5"2%?

HINGAROPHARMA

FERERESKREDELMI B o Y

Parta Laszl61, Ballagi Andras’
Kiss Violetta?, Finta Zoltan2
Horgos Joézsef34, Zelk6 Romana*
Jek6 JozsefS, Csorvassy Istvan’
Lakatos Laszl6%, Axel Rau?
lzs6 Eszterd, Tieger Eszterd, Lérincz Aron8, Kontsek Endre?

T Richter Gedeon Nyrt.
2 sanofi-aventis Zrt.
3 Hungaropharma Zrt.
4 SE Egyetemi Gyogyszertar, Gyogyszeriigyi Szervezési Intézet
5 Nyiregyhazi Féiskola, Kémia Intézeti Tanszék / Alkaloida Vegyészeti Gyar Zrt.
6 PER-FORM Hungaria Kft., Analitikai Divizio
7 PerkinElmer, Rodgau
8 BME Alkalmazott Biotechnoldgia és Elelmiszertudomanyi Tanszék




