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ATEANTEUIUNITHES ﬂaammmg'smnmﬂﬁ'aLﬁumwLﬁﬁlans:mumsua:ms
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anweeady uazliune F3FRR0INNA galullegiin fia nearinfrared (NIR) spectroscopy

Uar Raman spectroscopy
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Near-infrared (NIR) spectroscopy

sunlnsalnDuesdursusatmlng (Nearinfrared spectroscopy fnej NIR) tu
MFIANMIRANAuLEIUTI9 12,500 - 4,000 om” (Hwmeian e TeiiTIng uaed
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Raman spectroscopy
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789 JU9lUs8u (protein conformation)  wananisnuasdnlnsalndSimansols
ASeninlaimeionlusuuudw 9 fsuda uadaa s MUY IURENEY 9RY UaE
munilemsinduirquaznouzusmlaslidesiinmatuudaatng

= < L =, el -J o -« - Lo e ] - &‘
Tumsuaaosiu deamTsmsivilalnngnisoimaeiiuasNandfiiad wame
FnsnResn ms"lvi”ﬁm‘,;amunmﬁamnm:mums lwiAaunimsluidmsuns
P [ ol o o & o o -
NaaNUaaanuuazNUssinTniwaenau mmmumﬂn'fma’inﬂmm*m'lwnaadﬂmmu

hed &) P A o - a
luanalunswsmzgii 1y lunszuonns weniiuedesdefidrdnlunBasey
1
nazummslueuian’

Terahertz (THz) spectroscopy
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Photo-acoustic system
a [ “  a - P = w & o ¢
sruuingmunsiaanuiissssiouwdouas ([ JuwmslsiaimeTuuundad (pulsed
taser) lunsinldifanalnmnszduwidinalaglsifinsdudx (noncontact mechanical
excitations) TXULUMIATIVTAULY interferometric detection UBINITRUTIATIVIBILALAA
d z -] -l o “ L4 - vl ) =l
FanaFsrs st sunazunuvsisndarinanuudaSnafinnudauusas uazd
gt b - L = - n’
nanumMsaauauadlumsdosiufoission nnmsiensimunadunonud (frequency
= . oV W
spectra) wazalnInsunTuvana-anad (time-frequency spectrograms) e ;ansn
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a‘gﬁvlmﬁmtmnunwsaaumﬁmmnmmmwmwmnmmﬂn‘luunwsaa Fanaiaily
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Ultra- performance liquid chromatography (UPLC)

UPLC w3t lasan Innsflwesinas (liquid chromatography) ﬁ"l“ﬁ'mmmmgmﬂ
maﬁgmﬂag‘jﬁuﬁ (stationary phase) 181N 2 luATau NMFANBNTEULANTTINADANY
lannInnmd&miunszuaunmsmuiasss wudh upLe HwisidwlllddmIuszuy
nmsxaeduilarnInn il uszassmuderimuarasimsdszgnd PAT dmums
Usz3108Han9823nen (bioprocessing)
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mdszgng PAT luniseanuuunianmainaenizuinnisnda funisidwndn
QmmwTrﬂUmsaammmm:m‘saanu.uummaam uwﬁ‘szqnvﬂum:m%mm‘ﬁm LB
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myszgndlisTom anasewds 1 e
Quality by design - Spray drying of insulin intended for inhalation. 21 2008
Clinical relevance of dissolution testing in quality by design. 22 2008
PAT for vaccines: the first stage of PAT implementation for development 23 2007
of a well-defined whole-cell vaccine against whooping cough disease.
Optimizing drug delivery systems using systematic "design of 24 2005
expariments.” Part I fundamental aspects.
Rational design of low-molecular weight heparins with improved in vivo 25 2003
activity.

maszgnd PAT lunseuaumsuiadimddny Wuwmsmsndamanszuismssie
= w o - 26 Y
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Wudu 31U 1 useamsdszgnddly PAT Tumiasne@ineunszusumafieufidumis
FFinmlumsaie myiavTinomdasuatluszrinentuiumss@e Sueuy indine lag
fmsdavaia (probe) W lWluAIUARTN waslinsdszananssrutunsiiamuanie
- [ - R el “ -3 o A v
MINER 1% gl FMay anwidadutesaandion anwdu iReauqugmnnly
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Characterization and monitoring of pseudo-polymorphs in manufacturing 26 2009
process by NIR.
Mammalian cell culture scale-up and fed-batch control using automated 27 2008
flow cytometry.
Near-infrared reflectance spectroscopy as a process analytical technology 28 2008

tool in Ginkgo biloba extract qualification.

Fermentation process tracking through enhanced spectral calibration 29 2007
modeling.

Constrained optimization of a preparative ion-exchange step for antibody 30 2006
purification.

Real-time endpoint monitoring and determination for a pharmaceutical salt 3 2006

formation process with in-line FT-IR spectroscopy.

IR spectroscopy together with multivariate data analysis as a process 32 2005
analytical tool for in-line monitoring of crystallization process and solid-
state analysis of crystalline product.

@)

Process output

Raman spectroscopy
probe

Big-reactor

3 1 () unnamuaImMIaTRAamanszuam TR el §itemeBdinamlumsdadiy
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maszynd PAT 'lun'mmﬂmmsﬂmﬂau'lmmnmu Foq uaznszuIums ayy
Tumsid 3 mumnLﬂums‘lmﬂmmiﬂnﬂmaﬁmm VTR non-aqueous reversed

phase high perfarmance liquid chromatography (NARP-HPLC) reversed phase high
35,39,42-42

performance liquid chromatography (RP-HPLC) wax liquid chromatography-mass
spectrometry  (LC-MS)* ™ lumsasnsavastuiion uenanidnslssimum

- - 37 o o g
suninsalnd 'l,umsm'mmm?ﬂmﬂau'lugﬂuuumaawua MTATIERAIIRZAY
w v et A1 = .
anemdtuialasulnani™ usu

A15N 3 ey wmadszund PAT 'Lums":mﬂ:ﬁm'sﬂmﬂauiﬁmqﬁu T89 uRznITLUMS

mstszynaldlszTumn lanmsanads 1 e

Simultanecus separation and determination of coenzf(me Q(10} and its 34 2008
process related impurities by NARP-HPLC and atmespheric pressure
chemical ionization-mass spectrometry (APCI-MS).

isolation and characterization of process related impurities and 35 2008
degradation products of bicalutamide and development of RP-HPLC
method for impurity profile study.

Isolation and characterization of process related impurities of clanzaping 36 2008
using HPLC and ESI-MS/MS,

Application of Raman microscopy and band-target entropy minimization to 37 2008
identify minor components in model pharmaceutical tablets.

Development of a validated RP-LC/ESI-MS-MS method for separation, 38 2008
identification and determination of related substances of tamsulosin in bulk
drugs and formulations.

Rapid separation and determination of process-related substances of 39 2006
paracetamol using reversed-phase HPLC with photo diode array as a

detector.

Liquid chromatography-mass spectrometry using the hydrogen/deuterium 40 2005

exchange reaction as a tooi for impurity identification in pharmaceutical
process development.

Development of headspace solid-phase microextraction-gas 41 2005
chromatography method for the determination of solvent residues in edible
oils and pharmaceuticals.

Development and validation of a liquid chromatographic methed for 42 2004
determination of related-substances of mesapride citrate in bulk drugs and
pharmaceuticals.

Separation and determination of synthetic impurities of difloxacin by 43 2004
reversed-phase high-performance liquid chromatography.

Isolation and characterization of process-related impurities in linezolid. 44 2002
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W o : R 50 - 51 w 52 N
RBNA (entrapment %38 encapsulation) muafRewdagn MM mIm
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mwﬁmmnﬁﬂ%aLﬂumlugﬂuuwamiq ﬁ'aaﬂ%’uﬂ;mmumﬁmauaua:
anumunsolumaiwnsmseangnivessiia Tﬂumﬂﬁuﬂmmwu.a:ﬂwuai'maua
ipudgaiumszinanuanysolzeadaunulu diideunwiadlusfiariu anw
RaUnfvasduiadou nrsuanaolu nsseniiuts AfnadoniTlanldaguiann
f8IMT uazan wIaulEnaFinmwssen (bicavailability)

W4 a9 ziwmsﬂs:qnvf PAT lumBamsiasiafaaunssuIunsuas

masrgndliuszlund nmIdids ¥ ea

In-line and real-time process monitoring of a freeze drying process using 45 2009
Raman and NIR spectroscopy as complementary process analytical
technology (PAT) tools.

Raman spectroscopy as a process analytical technology {(PAT) tool for the 46 2008
in-line monitoring and understanding of a powder blending process.

Advanced calibration strategy for in situ quantitative monitoring of phase 47 2008
transition processes in suspensions using FT-Raman spectroscopy.

Process analytical technology: application to particle sizing in spray drying. 48 2008

Application of process analytical technology in tablet process development 49 2008
using NIR spectroscopy: blend uniformity, content uniformity and coating
thickness measurements.

Process analytical technology: non-destructive assessment of anastrozole 80 2008
entrapment within PLGA microparticies by near infrared spectroscopy and
chemical imaging.

Characterization of tablet film coatings using a laser-induced breakdown 51 2007
spectroscopic technigue.

Process analytical technology: nondestructive evaluation of cyclosporine A 52 2008
and phospholipid sclid dispersions by near infrared spectrascopy and

imaging.

Implementation of a process analytical technology system in a freeze- 53 2007

drying process using Raman spectroscopy for in-line process monitoring.

Real-Time assessment of granule and tablet properties using in-line data 54 2008
from a high-shear granulation process.
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Process analytical technology (PAT): quantification approaches in 55 2008
terahertz spectroscopy for pharmaceutical application.
Drug product characterization by macropixel analysis of chemical images. 56 2007
Validation of manufacturing process of Diltiazem HCI tablets by NIR 57 2007

spectrophotometry (NIRS).

Process analytical technology (PAT): effects of instrumental and 58 2007
compasitional variables on terahertz spectral data quality to characterize
pharmaceutical materials and tablets,

A qualitative method for monitoring of nucleation and granule growth in 59 2007
fluid bed wet granulation by reflectance near-infrared spectroscopy.

Method for quantifying the PEGylation of gelatin nanoparticle drug carrier 80 2007
systems using asymmetrical flow field-flow fractionation and refractive
index detection.

Process analytical technology: chemometric analysis of Raman and near 61 2007
infra-red spectroscopic data for predicting physical properties of extended
release matrix tablets,

Application of thermal effusivity as a process analytical technology tool for 62 2007
monitoring and control of the roller compaction process.

Simultaneous separation and determination of process-related substances 63 2006
and degradation products of venlafaxine by reversed-phase HPLC.

Evaluation of manometric temperature measurement (MTM), a process 64 2006
analytical technology teol in freeze drying, part lll: heat and mass transfer

measurement.

Evaluation of manometric temperature measurement, a process analytical 65 2006
technology tool for freeze-drying: part i measurement of dry-layer

resistance.

Cohesive, multicomponent, dense powder flow characterization by NIR. 66 2007
Particle size analysis in pharmaceutics: principles, methods and 67 2007
applications,

Time domain 1H NMR as a new method to monitor softening of gelatin 68 2006

and HPMC capsule shells.

Analysis of coating structures and interfaces in solid oral dosage forms by 69 2006
three dimensional terahertz pulsed imaging.

Raman spectroscopy as a process analytical technology tool for the 70 2006
understanding and the quantitative in-line monitoring of the
homogenization process of a pharmaceutical suspension.

43 &5




Inginvwedwus (aUumsinurdeidoonionddeians)

AN 4 (A1)

msdszyndlfseTym? o 1 e

Evaluation of risk and benefit in the implementation of near-infrared 71 2006
spectroscopy for monitoring of lubricant mixing.

A process analytical technology approach based on near infrared 72 20086
spectroscopy: tablet hardness, content uniformity, and dissolution test
measurements of intact tablets,

Surface analysis of powder binary mixtures with ATR FTIR spectroscopy. 73 2006

Prediction of tablet hardness based on near infrared spectra of raw mixed 74 2006
powders by chemometrics.

Near infrared spectroscopy and process anaiytical technology to master the 75 2006
process of busulfan paediatric capsules in a university hospital,

Evaluation of manometric temperature measurement, a process analytical 76 2006
technology tool for freeze-drying: part |, product temperature measurement.

Development and characterization of interleukin-18-loaded biodegradable 77 2006
microspheres.
A Process Analytical Technology approach to near-infrared process control 78 2006

of pharmaceutical powder blending. Part I D-optimal design for
characterization of powder mixing and preliminary spectral data evaluation,

A Process Analytical Technology approach to near-infrared process control 79 2006
of pharmaceutical powder blending: Part Il: Qualitative near-infrared madels
for prediction of blend homogeneity.

A Process Analytical Technology approach to near-infrared process control 80 2006
of pharmaceutical powder blending. Part Ill: Quantitative near-infrared

calibration for prediction of blend homogeneity and characterization of

powder mixing kinetics.

Pellet manufacturing by extrusion-spheronization using process analytical 81 2005
technology.
improved understanding of factors contributing to quantification of 82 2005

anhydrate/hydrate powder mixtures.

Characterizing process effects on phammaceutical solid forms using near- 83 2005
infrared spectroscopy and infrared imaging,

Application of on-line Raman spectroscopy for characterizing relationships 84 2005
between drug hydration state and tablet physical stability.

The potential of Raman spectroscopy as a process analytical technique 85 2004
during formulations of topical gels and emulsions.

The integration of process analytical technologies, concurrent validation, and 86 2004
parametric release programs in aseptic processing: Parenteral Drug
Association.
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mydszyndlduslond wnnsdwde Jaa
Phase transformation considerations during process development and 87 2004
manufacture of solid oral dosage forms.
Application of a fluorescence sensor for miniscale on-line monitoring of 88 2004
powder mixing kinetics.
In situ monitoring of wet granulation using online X-ray powder diffraction. 89 2003
Use of the orthogonal projection approach (OPA) to monitor batch 90 2003
processes.
Batch and continuous processing in the production of pharmaceutical 91 2003
granules.
in situ moisture determination of a cytotexic compound during process 92 2003

oplimization.
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NIR Fiber Bundle
Maghnification
Short-wave MCT FPA
1E Cooled

Scan Range
Resolution

- 448x358 pixels

- 20 microns/ pixel
- 320x256

- 200K

- 1100-2450nm
-6nm @ 1600nm

3UN 2 MWLEINTIATIIAAMANTILIMNHANAILTT NIR chemical imaging

NN ngTaN98anangiaD 33)
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