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Cytometry T:399 (1966

In Memoriam:
Tomas Hirschfeld
(1939-1986)

Tomas Hirschfeld, an internationally recognized
chemist and inventor well known for his work in both
unalytical eylology and analytical chomistry, died on
April 24, 1986, from complicationa of heart dizeasge. He
was 46 and is survived by his wife, Judith, and three
daughters.

Tomas served as a semiofficial oracle at all but the
most reeent analytical eytology conferences, between
which he worked tirelessly and with great suceeas at
making his seemingly fantastic predictions of the future
come true. He was born in Uruguay of German Jewish
parents and received his bachelor's degree from Vasquez
Acevedo College and PhDD. degrees in chemistry and
chemical engineering [rom the National University of
Uruguay, becoming a polyglot in modern languages by
neceasity and a polyvglot in sclence by aptitude and
interest.

In 1969, after working briefly for North American
Rockwell, Tomas joined the staff of Block Engincering,
where, as a diversion from his work in Fourier trans-
form infrared and Raman spectroscopy, he played a ma-
jor role in the development of multiple illumination
beam flow cytometers and in the extension of the sensi-
tivity of cytometry to detection and measurement of
mingle virus particles and even of individual molecules.
In 1973, he moved to the Chemistry and Materials Sei-
ence Department at Lawrence Livermore Mational Lab-
gratory, where his efforts turned to the development of
chemical microsensors utilizing fluorescence and optical
tunneling measurements made through fiber optics. He
also served as affiliate professor of Chemistry at the
University of Washington,

A prolific inventor, Tomas held over 104 patenis. He
was the only person ever to receive the [R-100 award,
given by “Research and Development” magazine to the
100 best inventions of the year, five times; numerous
additional commercial products based on hig inventions
are gtill in development. He won both the Louis Straight
and Meggers awards from the Society for Applied Spec-
troscopy, and earlier thiz year received the Pittsburgh
Conferemee Award, He was also an author of almost 200
selemtific articles and served on the editorial boards of
geveral journals. His prodigious list of publications is
matched by an equally impressive, although less gener-
ally appreciated, body of contributions to ressarch in
areas related to national security.

Tomas read about an incredible variety of subjects,
and it seemed that every time he ran across a property
of molecules that had not been exploited for analytical
purposes, e would consider that nature had issued him

4.

F it ol

a direct challenge, in response to which he would at-
tempt not only to tame the physical effect involved, but
to malke it measurable using a8 fow cemts’” worth of ma-
terials, simple electronics, and a personal computer. He
had more ideas in a week than many smart people have
in & year, and could bring new viewpoints to a discussion
of almost any ascientific problem. He was often right;
more remarkably, when he was wrong, his analyses
could frequently point others toward the right answers.

Mogt recently, Tomas focused his attention on the de-
velopment of microdevices and microsensors, forecasting
that suecess in this field would reward those who could
“plagiarize from nature,” allowing the wse of miniatar-
ization and machine intelligence to refurn measure-
ment power to the end user (Hirschfeld T: Instru-
mentation in the next decade. Science 230:286-91, 1985).
His premature death reminds us that there are areas in
which nature's enginesring could be improved upon; his
wvigion and enthusinsm inspire those of us who knew him
to redouble our efforts in that direction,

Howard M. Shapiro, M.D.
West Newton, Massachusetis 02165



What happened in 20 years between
1998 and 2018 ?

... this is your new instrument
You should work with NeW Infrared Spectroscopy (NIRS) !!

17



TREND IN ANALYTICAL CHEMISTRY

Analytical Chemistry

/ N\,

Higher Performance Miniaturisation
- Resolution - Small, portable
- Sensitivity - Cheap
- Selectivity - Easy use

6 o
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TREND IN ANALYTICAL CHEMISTRY

Institute of Analytical Chemistry and RadioChemistry
‘Center of Cor and Excellence

opold-Franzens Universily of Innsbruck, Ausiria

Huck, C.W. Hocheffiziente neue Schwingungsspektroskopische Methoden.
GIT-Laborfachzeitschrift, 5, 2-5 (2016 )
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MOTIVATION

Melamine

China reported an estimated 300,000 victims in total. Six infants died from kidney stones and
other kidney damage with an estimated 54,000 babies being hospitalized

Branigan, Tania (2 December 2008). "Chinese figures show fivefold rise in babies sick from contaminated milk". The Guardian. London.

Huck C.W., Pezzei C.K., Huck-Pezzei V.A.C. An industry perspective of food fraud. Curr. Opinion Food Sci. 10 (2016) 32-37 20


https://en.wikipedia.org/wiki/Kidney_stone
https://en.wikipedia.org/wiki/Renal_failure

WE'VE
TGRe
ON IT SAYS:

Of 27 beef burger products tested, 37% were positive for horse DNA, and 85% were positive for pig DNA.

"FSAI Survey Finds Horse DNA in Some Beef Burger Products". Food Safety Authority of Ireland. 15 January 2013. Retrieved
16 January 2013.

Charlebois S., Schwab A., Henn R., Huck C.W. An exploratory study for measuring consumer perception towards mislabeled food productsand
influence on self-authentication intentions. Trends Food Sci. & Technol., 50, 211-218 (2016)
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Institute of Analytical Chemistry and RadioChemistry
Center of Compelence and Excellence
old-Franzens University of Innsbruck, Austria

Year Incident

2017 Fipronil eggs
contamination

2016 Plastic contamination of

2016

2015

2013

2008

2007

Mars chocolate

Punjab sweet poisoning
Escherichia coli outbreak
Horse meat scandal

Milk adulteration with
melamine

Salmonella

contamination of Cadbury

sweet

Examples of recent severe food safety

Other health Estimated
Fatal casualties
Region injuries economy hit
[persons]
[persons] [EUR]
EU N/A N/A not yet
estimated
Worldwide N/A N/A >10 M
(55 countries)
Pakistan 33 52 N/A
us N/A 22 >80 M
EU N/A N/A N/A
China 6 300 000 N/A
UK N/A 42 N/A



APPLICATION FIELDS

NIR, ATR, Raman, Imaging/Mapping ~__

/ Material analysis

Medicinal Plants Food Bioanalysis
- Harvest time - Safety, fraud - Cancer Research
- Fast Quality Control - Fast Quality Control
- Provenience - Provenience

Huck C.W. Advances of Vibrational Spectroscopic Technologies in Life Sciences. Molecules, 22, 278 (2017)
Tlrker-Kaya S., Huck C.W. A review of mid-infrared and near-infrared imaging: principles, concepts and
applications in plant tissue analysis. Molecules, 22, 168 (2017)

Huck C.W. Selected latest applications of molecular spectroscopy in natural product analysis. Phytochem.23
Lett., http://dx.doi.org/10.1016/j.phytol.2016.12.028 (2016)
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Miniaturisation

MEMS is an acronym for micro-electro-
mechanical Systems




Miniaturisation

Linear Variable Filter (LVF) Technology

...developed by JDS Uniphase o
Corporation e =

bandpass filter —r ]
— No moving parts Mi
— Completely passive device

- worlds smallest NIR spectrometer — ~ wicivinveienoe = [
Fw% I’
201 |‘
 extremely fast analyses ‘

* highly cost-effective

 USB powered




Miniaturisation

Cooler

Cuvette

i

&=
USB port \

| Sapphire window

7

KK Gold mirror

Lamps and detector

If\

Desiccant

I
Irestitate of Analytical Chemsstry and RadioChemstry
Certer of Competence and Excellence
Leopold-Franzens Urversity of Innstruck, Austria




Miniaturisation

EU directive 2009/28/EG:

“Enforced use of ecologically derived fuel in the transport sector”

» gasoline containing < 5% wt. EtOH

 gasoline containing < 10% wt. EtOH

A mobile quantification platform is desirable!

Image: Swaroopvarma via Wikipedia, 2006, Public Domain




Miniaturisation

NIR spectra of gasoline with up to 10% w/w ethanol
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Lutz O.M.D., Bonn G.K., Rode B.M. & Huck C.W.
Analytica Chimica Acta 2014 826 61




Miniaturisation

The PLS regression models of ethanol
admixed gasoline

Rz, SEP (%) LOD (%) LOQ (%)
o 0.483  2.45 8.68 26.04
> 0.993  0.35 0.93 2.79
o+® 0991 0.33 1.37 4.11
S+P 0997 021 0.68 2.04

|
| ]
Mh b
Irestitate of Analytical Chemsstry and RadioChemstry
Certer of Competence and Excellence
e Lecprid-Franzens Uriversiy of Innsbruck, Austria




,,MINIATURIZATION"

Institute of Analytical Chemistry and RadioChemistry
enter of Compelence and Excellence
¥ Iniversity of Innsbruck, Aust

benchtop vs. miniaturization

wavenumber resolution

device range/cm?  /cm? ] MicroNIR 2200 _ MicroPHAZIR
) 1 NIRFlex N-500 '
NIRFIexN- 16000 - 4000 8 - "
500 ]
3
c
microPHAZIR 6266 - 4173 @21 8
MicroNIR ®
5200 8865 - 4626 @ 33 2
o
! L\ T T T T T T T T T T T 1
o \ 10000 9000 8000 7000 6000 5000 4000

‘ Wavenumber / cm’

NIRFlex N-500 microPHAZIR  MicroNIR 2200 30




,,MINIATURIZATION“

Therefore,
new approaches for
more critical evaluation is needed!

31



WORKFLOW

I | benchtop miniaturization @

NIR-spectroscopy reference measurements
HY = EW multivariate data analysis
guantum chemlcal > | < y =T Pl E
calculation
v 2D-COS mLOD

critical evaluation

32



2D CORRELATION SPECTROSCOPY
»the eye of the spectrometer”

2D-COS used as “the eye of the spectrometer”
Visual perception

d 2

. . . . 34
Example: rosmarinic acid content in powdered rosemary leaves (60 samples).



2D CORRELATION SPECTROSCOPY
,the eye of the spectrometer”
60 rosemary samples

Benchtop ,, NIRFlex N-500

4000 4000

QWL

5000 5000 |
6000 6000 |
7000 (é::?vi/) 7000 L
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& 5
x k)
= €
8000 i 8000 |
9000 j m (V 9000 |
10000 \ \ m /\ \ l 10000 ‘ ‘ ‘ ‘ ‘
10000 9000 8000 7000 6000 5000 4000 10000 9000 8000 7000 6000 5000 4000
NIRFlex N-500 microPHAZIR

autopeak appearance in the visual perception of the microPHAZIR! -
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2D CORRELATION SPECTROSCOPY
,the eye of the spectrometer”
Leopou e Uty f i At ' 3 60 rosema ry S ample S

Benchtop ,, NIRFlex N-500 Miniaturized ,,microPhazir”

—— missing

\ 4
[l b‘c o
6000 = + 3 Z 800
o el & ~r
5000 - 2 d LI i
3 ;
4000 A A 600
2 8
S 3000 - | £
2 2 a00{ 4
£ 2000 £ /
% =— Factor-1 o
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1000 -
g m—— Factor-3 g 200 — Factor-1
% 0+ Factor-4 i=] Factor-2
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@ -1000 - Factor-6 o 0 Factor-4
g 2000 Factor-7 o — Factor-5
1 Factor8 (X
-200
-3000 = Factor-9
-4000 - -400 o
-5000 - ) " a
6000 600 4785 4678 b
6868 6108 5992 5956 5896 5860 5692 5456 5296 5224 4416 4304 4268 4056 5913 5656 5256 5058 5017 4878 4803 4766 4660 13 4451 4319 4278
wavenumber / cm” wavenumber / cm-

This region is crucial for the PLS-regression of microPhazir
and unnecessary for NIRFlex N-500!

36



2D CORRELATION SPECTROSCOPY
,the eye of the spectrometer”
60 rosemary samples

Benchtop ,, NIRFlex N-500“ Miniaturized , MicroNIR 2200“ ‘

4000 4000

QWL

5000 5000 |-
C
6000 6000 |
7000 |
7000

8000 L

NIRFlex N-500

8000

9000 L il
9000 L il
10000 I I I I I
10000 L L . | | ﬂ 10000 9000 8000 7000 6000 5000 4000

10000 9000 8000 7000 6000 5000 4000

MicroNIR 2200
(without Moving Average Transform)

MicroNIR 2200
NIRFlex N-500 (without Moving Average Transform)

MicroNIR 2200: no working PLS-regression model!
Is there something wrong? .



2D CORRELATION SPECTROSCOPY
,the eye of the spectrometer”
60 rosemary samples

Benchtop ,, NIRFlex N-500“ Miniaturized , MicroNIR 2200“ ‘
smoothed
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MicroNIR 2200: spectra have to be smoothed

for a working PLS-regression model! 28



MEDICINAL PLANTS

Institute of Analytical Chemistry and RadioChemistry
Center of Compelence and Excellence
Leopold-Franzens University of Innsbruck, Ausiria

I | I 00 ! L] 1 | | [
Rosmarini folium
: MicroNIR 2200 microPHAZIR .
- — : ﬂ) &0 b) XL
i NIRFlex N-500 g
8 00 o ¢
: P - "
g Z 0 7000
2 i
§ 5 8000 L
5 .
2 o o]
MNIRFlex N-500 microPHAZIR .
10000 QOIGD EOIUD TOlOD GOIDQ EOIOD 41:‘00 C} d} .
Wavenumber / cm™ 5000 e E 00
NIR spectra of 60 Rosmarini folium samples . gg
E T Sp
spectrometer NIRFlex N-500 microPHAZIR MicroNIR 2200 ) 3 z g
Polychromatic § i 32‘ e
Light
samples 60 60 60 - g
outliers 6 8 4 | 2
range / % 1.138 -2.425 1.138 -2.425 1.138 -2.425 J L MicroNIR: 2200 " mzlf“mmm
validation method cv TSV cv TSV cv TSV = i I g = n "
80 | o6 o
R 091 091 073 073 084 085 ! | ]
680 B0 000
SECV/% SEP/% 0.072 0.069 0.12 0.11 0.091 0.11 -~ } g 4 g
40 & oo o
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0 1 \ AN g o
1100 1400 1700
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Kirchler C.G., Pezzei C.K., Bec, K.B., Mayr S., Ishigaki M., Ozaki Y., Huck C.W. Critical evaluation of spectral information of benchtop vs. portable near-
infrared spectrometers: Quantum chemistry and two-dimensional correlation spectroscopy for a better understanding of PLS regression models of the
rosmarinic acid content in Rosmarini folium. Analyst 142 (2017) 455
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i et DR THEORETICAL NIR SPECTROSCOPY
‘ A Quantum chemical calculations

Collaboration with Dr. Krzysztof Be¢

OH
: HO o)
—Calculated \ OH
' 1
—Experimental
COOH (o]
HO

...... 2 .- . -
Cale. 16 rosmarinic acid

6.5
"’1*;".31,;

Absorbance

Exp.

N

—— T — Optimized structure (DFT-B3LYP/NO7D) of the molecule of

8000 7500 7000 6500 6000 5500 5000 4500 4000 rosmarinic acid.

Wavenumber / cm?
The experimental and theoretical NIR spectrum of rosmarinic acid obtained

through fully anharmonic (GVPT2) DFT-B3LYP/NO7D calculation.

Kirchler C.G., Pezzei C.K., Bec, K.B., Mayr S., Ishigaki M., Ozaki Y., Huck C.W. Critical evaluation of spectral information of benchtop vs. portable near-
infrared spectrometers: Quantum chemistry and two-dimensional correlation spectroscopy for a better understanding of PLS regression models of the 40

rosmarinic acid content in Rosmarini folium. Analyst 142 (2017) 455



THEORETICAL NIR SPECTROSCOPY
Quantum chemical calculations

Band assignments in NIR spectrum of rosmarinic acid, based on DFT-B3LYP/NO7D calculation

Wavenumber / cm1

Major contributions

Exp. Calc.

6854.9 6853 2vOH (ar)

5128.0 5126 [v C=0, §,,0H (carboxyl)] + [vVOH (carboxyl)]
[S4ings 0;,0H (ar)] + [VOH (ar, meta-)];

4994.9 4980 [8,ings 8i,OH (ar)] + [VOH (ar, meta-)]
[vCC] + [VOH (ar, para-)];
[vCC] + [VOH (ar, para-)];
[vCC] + [VOH (ar, meta-)];

4788.3 4798 [6CCH (carboxyl)] + [VOH (carboxyl)];
[6CH (ar), §,,0H (ar)] + [VOH (ar, para-)];
[6CH (ar), SipOH (ar)] + [vOH (ar, para-)]
[6CH (aliph)] + [VOH (ar, meta-)];

4701.0 4701 [8CH (ar), 3,,0H (ar)] + [VOH (ar, meta-)]
[61ings 0iOH (ar)] + [VCH (ar)];
[Sring] + [VCH (ar)]l

~4508 4465 [8ring: 8i,OH (ar)] + [VCH (ar)];

[VC-O (carboxyl), 6,,0H (carboxyl)] + [VOH (carboxyl)];
[0/ing] + [VCH (ar)];
[6/ings 0;sOH (ar)] + [VCH (ar)]
[0CH (aliph)] + [VCH (ar, aliph, opp.-phase)];
4179.4 4194 [8,.icc CH,] + [V,CH,];

[8CH (aliph)] + [VCH (ar, aliph, in-phase)]

ring




MULTIVARIATE LIMIT OF DETECTION

Institute of Analytical Chemistry and RadioChemistry
enter of Compelence and Excellence
¥ Iniversity of Innsbruck, Aust

multivariate approach for calculating the LOD.

Problem: instrumental signals are not specific for a particular analyte.

Instead of a single LOD value, an LOD interval is calculated which depends on the
variability of the background composition of the calibration samples.

univariate multivariate
— LOD,,,,,
LOD
— LOD,,;,
single value range

42
F. Allegrini, A.C. Olivieri, IUPAC-Consistent approach to the limit of detection in partial least-squares calibration. Anal. Chem. 86 (15) (2014) 7858—-7866



MULTIVARIATE LIMIT OF DETECTION

Determining melamine in milk powder

w
o

), microNIR2200
device Lob,,, LOD,.. RMSEP || I microPHAZIR
2,5 | By NIRFlex N-500
MicroNIR 053 087 027
2200 20
o
a
microPHAZIR 0.29 0.52 0.35 IS
gl
2
NIRFlex N-500 0.22 0.30 0.28 5 1.0
LOD, LOQ and RMSEP values in %.
0,5
NH, . .
SN 0,0 H T T T T T T T
)Nl\ /II\I\ LOD, LOD,__ LOQ,.. LOQ, ., RMSEP
~
H2|\| N NH2 LOD, LOQ and RMSEP values of the used spectrometers in comparison.

Henn R., Kirchler C.G., Grossgut M.E., Huck C.W. Comparison of sensitivity to artificial spectral errors and multivariate LOD in NIR spectroscopy — 43
Determining the performance of miniaturizations on melamine in milk powder. Talanta 166 (2017) 109-118
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SEIRS

Surface enhanced infrared spectroscopy

light source \ (f

detector

NIR spectrum

incubation —

selective
bindung/interactions < Results

washing

IR/ NIR Qualitative/Quantitative

ACRCWM

Irtute olAnaIrI'cel L.he nlry and RmJLhe mislry
Lhwﬂdyd -stnumu

measurements Analysis




U validation Spectra f(x)=0.9168x+162.2151 r=0.984736
< Calibration Spectra f(x)=0.9841x+26.7110 r=0.992018

.

Reference value: 2000 ppm

Predicted value: 1992 ppm

T -

Reference value: 1750 ppm

Predicted value: 1736 ppm
F

Predicted LDL con

SEE: 121 ppm
SEP: 141 ppm

0 1000 2000 3000

LDL concentration [ppm] (Reference) ACRC 'LM

PCR model for predicting the LDL concentration bound onto TiO, beads sty s

Lecpoid-Franzens Universaty of Innstruck, Ausiria
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Hemodialysis monitoring using mid- and near-infrared
spectroscopy with partial least squares regression

Raphael Henn'" @ | Christian G. Kirchler'™ ® | Zora L. Schirmeister'* | Andreas Roth® |
Werner Mintele” | Christian W. Huck'*

TABLE 3 PLSR resulis for the 5-component mixture in dialy sate derived from MIR and NIR spectra

Speciral RMSECYV RMSEP  LODuww  LODume  LOQui  LOQuu
Model PT regionsinem™!  Factor  R? mmgdl.  immgdl mmgdl inmgdl inmg/dL  inmgdL
Urea Vv NIR SNV 8645-7348 4 097 12 — 10 N 29 7
6332-5496
4584-4508
MR me 1791324 4 099 79 — 73 16 22 & - Oth
SG1AT 12011075 er
™V MR SNV 8645-T348 4 098 — 19 — — — —
L JusaA
4584-4508
MR me 1794-1324 5 099 — 66 — — — — 1 QOXO W EU
SG117  1201-1075
Glicsse  CV  NIR SNV 90048664 4 089 37 — 36 73 108 218
63205756 - 'J apa n
ME  me 1451-1324 3 096 22 — 1 34 33 103 o 1 30!/
SG217 1201950 1 3 /Jo ©
™V MR SNV 90048664 4 086 — 54 — — _ _
e wee - global dialysis patients 2013 (total = 2.552.000)
SG217 1201950
Lactsle €V NIR — — - - — — — — —
MR me 1777-1700 5 095 8 — 6.5 14 0 &
SG117 15761324
1201-1075
™ MR — — - - — — — — —
MR m 1777-1700 8 099 30 — — — — —
SG117 15761324
12011075
Phosphaie €V NIR  — — - = — — — —
MR me 1201-950 & 099 11 — 05 19 16 56
™ MR — — - - — — — — —
MR  me 1201-950 8 095 — 20 — — — |
Creainine  CV MR _ I _ _ _ _ . |
MR me 17771700 s 098 15 — 19 35 58 1 ACRC“_MJ
SG117  1576-1075 ]_AJL
TV NR — — — — — — — — - Irsbtute of Analytical Chemistry and RadioChemistry
MR me 1777-1700 4 096 — 21 — — — Carter o Compelince and Excelence

-Fran o Innsbruck, Aust
SG117  1576-1075 Leopold-Franzens Urpeersity of Inn ]

Abbreviations: -, value not available; PT, data pretreatments: me, mean centering; SG xfy, Savitzky-Golay derivative (x, derivative onler; y, number of smoothing
points); SNV, standard nonmal variate; CV, cross-validation: TV, test-set validation,
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MEDICINAL PLANTS

Verbena officinalis

Slope Offset AMSE  R-Square 4 Slope. Offset AMSE R-Squara
4 0.8351216 0.2917668 0.3615672 0.8351216 0.7436285 04664129 (455404 0.7436285
0.8200095 0.3484083 0.3668984 0.8205208 0.7341884 0.487489 04364882 0.687093 \
7 g
2 - 23 -
:*1  Verbenalin ] Verbenalin
£ g
e < OH
E H
: H
5 S
2 2
3 3 )
H 3 OH
g, NIRFlex N-500 3, MicroPhazir
o a
HO
) : OH
. R VERBENALIN
1 2 3 4 1 2 4
Reference Y (%Werbenalin, Factor4) Reference ¥ (%Werbenalin, Factor-6)

Slope  Offset  RMSE R-Square
08121156 0.2554514 07621982 DB321156
08008219 0.4707704 06857089 D 234627

Siope  Offset  RMSE R-Square
0.8011764 0.3126754 08478646 0.8011784
5 | OTI0IB08 04421285 08355317 0.7998508

=
S

Verbascoside - . Verbascoside

e
w

o OH
"o N /\/@
o
S o%o OH

Predicled Y (%Verbascoside, Faclor-4)
o
Predicted ¥ (%Verbascoside, Factor-3)

o
HO H,C oH
2 2 . : HO o
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Verbena officinalis
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Graphical representation of the verbenalin (a) and
verbascoside (b) content related to the dried plant material
during flowering. Letter a-e stand for the five different
seeding dates in March and April.

Pezzei C.K.; Schonbichler S.A.; Kirchler C.G.; Schmelzer J.; Hussain S.; Huck-Pezzei V.A.; Popp M.; Krolitzek J.; Bonn G.K.;

Huck C.W. Application if benchtop and portable near-infrared spectrometers for predicting the optimum harvest time
of Verbena officinalis
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Discrimination of different plant samples

Stephania tetrandra (““hang fang ji”) and Aristolochia fangchi (“guang fang ji”) are two different plant species
used in Traditional Chinese Medicine (TCM). Both are commonly referred to as ‘““fang ji” and S. tetrandra is
mistakenly substituted and adulterated with the nephrotoxic A. fangchi as they have several morphological
similarities. A. fangchi contains aristolochic acid, a carcinogen that causes urothelial carcinoma as well as

aristolochic acid nephropathy (AAN).

Root material of the two traditional Chinese
medicines called “fang ji”: (a) Aristolochia fangchi
and (b) Stephania tetrandra

Vermaak, |.; Viljoen, A.; Lindstrom, S.W. Hyperspectral imaging in the quality control of herbal medicinesA@R(;:
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1) Online ProcessControl in a Drier
Environment

Filtration

Different purification and reprocessingsteps (chromatography,
osmosis, ultrafiltration)

Reprocessing of S— )
Fermentation Broth % Preliminary Compound

. - - CephC
Online Monitoring "

ﬂ:hemical Step 1 &2 (sylilation, PAT

chloration, methanolysis,
Scission to 7-ACA hydrolysis)
Phase Separation 7-ACA
Filtration - Precipitation O);‘/
Centrifugation
Cefalosporin ering >Filling / 07 OH
Products

I-}Quality Conformity Test




Replacement of Paddle by Fluidized Bed Dryer

-Slowdryingprocess + Short exposure to gas
-Mechanical stress of product

130°..C



Monitoring of the Drying Progression

Ideal Endpoint

CefC (%)
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Key Parameters of the Fluidized-Bed Drying Process Related to
the Mass of the Moist and Dried Products

MOIST DRIED
PRODUCT PRODUCT
Assay 70—-80 % > 88 9
W 8—10 % Ny~
ater ’ Circulation <2%
content
25-30%
<1%

Acetone




Installation of a Bypass System

| N2 inlet
S — probe cleaning

Filtening cloth

Flap mechanism

Pump / N2 inlet

Bypass filling / flushing
—> quick and reliable filling/purging procedure -> probe tip cleaning mechanism
- reproducible sample density - optical and easy mechanical access

|
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-
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Calibration

Ins!rumenlallon:!!!!!! Halr!x-! Irocess!peclromeler; lpus Irocess Iuanl !ollware Package

Spectra acquisition: process probe (PP) / laboratory probe (LP), resolution: 8 cm™ / 24 scans (~ 15 s)
0 Spectrum  Acquisition Assay Water Acetone
N | -
S time (%) (%) (%)
1 16:42:00 87.8 5.5 0.56
° 2 16:43:07 88.5 4.9 0.59
N
° 3 16:44:14 88.8 3.3 0.62
[2])
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3 v
S = 5 16:46:29 90.0 2.0 0.67
Q O
2 6 16:47:36 88.6 1.7 0.75
<

0.10

0.05

10000 9000 8000 7000 6000 5000
Wavenumber cm-1




Results
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Absorbance

Particle Size and Surface Area

21.69 pm
OO T T T T T
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Wavenumber/cm-1
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Physicochemical Properties of Silica Materials

Physical Properties

e Particle size distribution
e Porosity, Pore volume
e Specific surface area

Hydrophobic Anionic
gl}'H‘ .
r'ﬁ)@

Metallon  Hydrophilic

ELMi-pictures of silica particles with different
porosity: _
a, non-porous (1000 x); b, 60 A (5000 x); ¢, 3004  Antibody

(6000 x); d, 1000 A (10000 x) Antigen Ligand
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Specific Surface Area — BET (Brunauer Emmett Teller)

S S— L
Display

Emmett Teller

Anahysis salection keypad

Rear of Instrument: RS 232 Port for PC Control via NOVAWIn 2.0
Printer Port
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MIP — Mercury Intrusion Porosimetry
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r.....pore radius
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©®...wetting angle

p....pressure




Silica — Physical Properties

Original Property / Predicted Property Original Property / Predicted Property
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|FLEXIELE SCAFFOLDING ; NANO-CONTAINER PROPERTIES
(a)

RIGID SURFACE SCAFFOLDING
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Sometimes it is very useful
watching the world from
another point of view

You need good
experiments

and good colaborations ....
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Conservative
Spectroscopy

The spectrum is

representative
’ single detector

% for total
Irradiated sample
area.
irradiated | :
sample area SampE Imaging =
Spectroscopy e spectra
recorded by the

represent an image
of the irradiated
sample area.

ACRCI >

Individual detectors
’ detector array

T
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Measurement

A typical hyperspectral
cube has up to several
(ten)thousand spectra.

IR image plane:
n x m pixels at v,

SEM micrograph




MONOLITHIC MS/BVPE CAPILLARIES

thermally initiated free radical polymerisation

\
: e

p-methylstyrene 1.2-bis(p-vinylphenyl)ethane
(MS) (BVPE)

=

porous MS/BVPE network

capillary columns
different dimension

80x 0.2 mm
80 x 0.533 mm

e  highly crosslinked
e  high crosslinking homogeneity

due to non-conjugated
crosslinker

e  minimised swelling
e  high pressure stability

- Applicable to HPLC

| ]

ACRC

Iresttute of Analybcal Chemestry and RadioChenmstry
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MONOLITHIC MS/BVPE CAPILLARIES
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FT-NIR absorbance spectra of MS/BVPE polymers marked with VXW |
amounts of MS/MVPE C' mL
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MONOLITHIC MS/BVPE CAPILLARIES

| —— FPore Volume Distribution —B— Pore Area Distribution ‘

Micro Pore Size Distributions (< & nm) Meso Pore Size Distributions (> 6 nm, < 50 nm) Macro Pore Size Distributions (= 50 nm)
70

Quantile [%)]

3% 3/ 37 3/ 30 40 41 42 43 3% 3% 3T 38 M 40 41 42 43 3% 3»/ 37T 3/ 3 40 41 42 43

_ Monomer + Crosslinker [%]
Resulting pore volume and pore area

distributions by gradually increasing the
MS/BVPE content. Note that not the entire
macropore range can be assessed with nitrogen

adsorption (only up to d ~ 200 nm). ACRC'ML
JLLA

Irtute of H« ayhcalbhe eslry and RacChemistry
Competence and Excellence
s Universty of Innsbruck, Austria
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Noninvasive, high-speed, near-infrared imaging of the
biomolecular distribution and molecular mechanism
of embryonic development in fertilized fish eggs
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Automatic Sample Rotation for Simultaneous Determination of
DAV Geographical Origin and Quality Characteristics of Apples based on Near
S — Infrared Spectroscopy (NIRS)

PC-3(14%)

PC-2 (24%)

Interreg “x

Schmutzler M., Huck C.W. Simultaneous detection of total antioxidant capacity and total soluble solids content by Fourier transform near-infrared (FT-
NIR) spectroscopy: A quick and sensitive method for on-site analyses of apples. Food Contr., 66 (2016), 27-37

Schmutzler M., Huck C.W. Automatic Sample Rotation for Simultaneous Determination of Geographical Origin and Quality Characteristics of Apples based 20
on Near Infrared Spectroscopy (NIRS). Vibr. Spectrosc., 72, 97-104 (2014)
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Introduction

Milles, buckwheat and oat are considered o be minor crops. hence chemical profiles for different cultivars are rare. The examination of @ sum parameter,
like the total antiowidant cpacity (TAC) can thus be 2 first step to systematically assess the guality of different cultivars of mentioned gluten-free grains
and thereby serve as an indicator for the selection of cultivars for foed processing. Furthermare, miniaturized nesr-infrared spectroscopy becomes more
attractive for agriculture, a5 the costs for these instruments are quite low and their performance becomes better year sfter year Miniaturized NIR
spectrometer enable an analysis without expensive laboratory equipment and the new trend of consumer-oriented spectrometer makes sophisticated
analysis possible even for laypeople. However, the performance of these instruments first needs to evaluated.

Methods & Materizals

n € W S

77 Gluten-free samples (40 buckwhest, 31 I 1 R
millet, 6 omt) were investizated towsrd total il . ~ :
antiowidant capacity wsing Folin-Ciociteu i — A s

assay and NIRS. All samples were measured
milled and imtact with one benchtop-sized

and three handheld devices. l

MEFex N-500  10.000-1.000

e W

microPhazir X 62704150 21

MicoNIR2200 85704530 3
500 13514-0.345 13

Results

Partial least squares regression models were established using the data for milled snd intsct samples from 3l four devices. Spectrs| pre-trestments
indude Savitzky Golay 2°° derivative, standand normal variate and orthogenal signal cormection. Fer the MicroNIR 2200 additional smoothing was applied.

VS RN AR A A EARARA

but yields good results.

Handheld spectrometer perform similarly to benchtop device, but
* LDD and LOG of benchiop are the lowest
= The mtegory milled,intact is more stabie for benchiop daba

Rezalution is not 3ll: the MicroMIR 2200 has the worst resalution,

References
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