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Carotene in matrice polisaccaridica
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Figure 4. "H HR-MAS NMR spectrum of -carotene adsorbed on the polysaccharidic matrix with D20 (solid line) compared with the
spectrum of the polysaccharidic matrix itself (dashed line). The g-carotene olefinic protons are clearly visible as a broad signal at
7.15 ppm.
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Figure 5. 'H EYPC (1:3 Vs
containing p-carotene. The inset shows the characteristic olefinic protons of £-carotene.
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Figure 7. Comparison among "H HR-MAS NMR spectra of the olefinic protons of g-carotene in the model samples: (a) p-carotene in

‘CDCl3 solution; (b) g-carotene in the polysaccharidic matrix with D20; (c) p-carotene resonances in MLVs (D20, buffer solution);
(d) MLVs on the polysaccharidic matrix; (e) g-carotene/EYPC mixture (1:3 molar ratio) adsorbed on the polysaccharidic matrix with

D,0.
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TH NMR spectrum of carotenoid extracts in CDClz. The inset shows the olefinic proton signals of carotenoids.
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Figure 9. "H HR-MAS NMR spectrum of carotenoid extracts adsorbed on the polysaccharidic matrix with D20. The inset shows the
expansion of the carotenoids resonances.
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Figure 10. "H HR-MAS NMR spectrum of the vegetable matrix samples with the addition of the carotenoid extract. In the inset, the
olefinic region with an expanded vertical scale is shown.
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Figure 11. Comparison among 'H HR-MAS spectm of the three-phase model systems with the raw vegetable matrix spectrum (solid

line) in the olefinic region: p-carotene in on cotton wool (dashed line); cotton sample soaked with a
lipid-carotenoid extract (short dashed line); lyophilized carrot sample ‘with lipid-carotenoid extract (dotted line). Arrows indicate the
signals of the raw carrot sample that can be attri to according to the spectra of the model systems.

The vertical expansion of each spectrum is adjusted to reduce the superposition of the curves in order to improve readability.
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Figure 1. Comparison of the aromatic region of the 600.13 MHz 'HNMR
spectra of 5 mM 1 homochiral enantiomers in 50 mM DHPC (pp-1 top,
LL-1 down). The spectra were obtained in an aqueous buffered solution
(100 mM phosphate buffer, pD = 5.8) at 300 K.
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Figure 2. Comparison of the aromatic region of the 600.13 MHz 'H NMR
spectra of 5 mM 1 heterochiral enantiomers in 50 mM DHPC (Lp-1 top,
pL-1 down). The spectra were obtained in an aqueous buffered solution
(100 mM phosphate buffer, pD = 5.8) at 300 K.

Matrici alimentari

0 ppm

1.3 7.

Figure 3. Comparison of the aromatic region of the 600.13 MHz 'H HR-
MAS spectra of 36 mM 1 homochiral enantiomers in the aqueous
multilamellar dispersion of POPC (111 top, pp-1 down). The spectra
were obtained in an aqueous buffered solution (100 mM phosphate buffer,
pD = 5.8) and performed at 10 kHz, setting the temperature at 300 K.

17

2‘5"2
I

Figure 4. Comparison of the aromatic region of the 600.13 MHz 'H HR-
MAS spectra of 36 mM 1 heterochiral enantiomers in the aqueous
multilamellar dispersion of POPC (Lp-1 top, pL-1 down). The spectra
were obtained in an aqueous buffered solution (100 mM phosphate buffer,
pD = 5.8) and performed at 10 kHz, setting the temperature at 300 K.
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Figure 5. Comparison of the aromatic region of the 600.13 MHz 'H HR-
MAS spectra of 36mM 1 homochiral enantiomers in the aqueous
multilamellar dispersion of DMPC (LL-1 down, pp-1 top). The spectra
were obtained in an aqueous buffered solution (100 mM phosphate buffer,
pD = 5.8) and performed at 10 kHz, setting the temperature at 300 K.
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Figure 6. Comparison of the aromatic region of the 600.13 MHz 'H HR-
MAS spectra of 36mM 1 heterochiral enantiomers in aqueous multi-
lamellar dispersion of DMPC (LD-1 top, pL-1 down). The spectra were
obtained in an aqueous buffered solution (100mM phosphate buffer,
pD = 5.8) and performed at 10 kHz, setting the temperature at 300 K.

@ Linterazione
diastereomerica fra il
peptide e gli aggregati
produce differenti shift
per i diversi enantiomeri
del ditriptofano.

© La stessa coppia di
enantiomeri é
discriminata in maniera
diversa dai differenti tipi
di aggregati.
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Table 2. Chemical shift variations of the signals due to the aggregates in the presence of dipeptides

Type 11 bD-1 L1 1p-1
POPC DMPC DHPC POPC DMPC DHPC POPC DMPC DHPC POPC DMPC DHPC

oCH, 6 0 10 6 0 11 0 0 13 0 0 13

Chain 6 6 19 6 6 17 6 6 20 6 6 20

a 42 36 28 36 30 28 24 30 27 30 30 26

o 42 48 26 54 54 26 36 54 27 4 48 2

B 30 30 25 24 24 24 24 24 24 24 24 24

1 18 18 15 18 % 16 12 12 11 12 12 10

1 24 18 14 30 12 13 12 12 8 12 12 9

2 18 18 9 18 12 10 6 6 4 6 6 4

3 12 18 8 12 12 3 0 6 3 0 6 2

4 30 24 25 36 2% 25 24 18 19 24 18 19

s 48 2 41 54 Er 41 36 36 35 36 36 35

6 36 36 30 2 30 29 30 30 2 30 30 2

7 12 — — 12 — — 12 — — 6 — —

8 6 — — 12 — — 6 — — 6 — —
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HRMAS Table 2. Chemical shift variations of the signals due to the aggregates in the presence of dipeptides

applications Type 11 bo-1 il o1
POPC DMPC DHPC POPC DMPC DHPC POPC DMPC DHPC POPC DMPC  DHEC
Raffaele @CH; 6 0 10 6 0 1 0 0 13 0 0 13
Chain 6 6 19 6 6 17 6 6 20 6 6 20
Lamanna a a2 36 2 36 30 28 24 30 27 30 30 26
o a2 48 26 s4 54 26 36 s4 7 a2 48 28
B 30 30 25 2 14 24 24 2 24 4 2 24
1 18 18 15 18 24 16 12 12 11 12 12 10
1 2% 18 14 30 12 13 12 12 8 12 12 9
2 18 18 9 18 1 10 6 6 4 6 6 4
3 12 18 8 12 12 8 0 6 3 0 6 2
4 30 24 25 36 24 25 24 18 19 4 18 19
5 48 2 4 s4 P 4 36 36 35 36 36 35
6 36 36 30 2 30 2 30 30 26 30 30 26
Molecole chirali in 7 12 — — 12 — — 12 — — 6 — —
MLV 8 6 — — 12 — — 6 — — 6 — —

@ Gli stereoisomeri si posizionano vicino alla testa del
fosfolipide indipendentemente dalla curvatura superficiale o
dall’organizzazione degli aggregati.

@ Literazione di ciascun stereoisomero con I'aggregato lipidico
¢é funzione del tipo di aggregato

@ |l riconoscimento chirale coinvolge un ampia regione
dell’aggregato piuttosto che l'interazione col centro chirale di
un singolo monomero.

@ |l riconoscimento chirale in micelle e liposomi é frutto di una
serie complessa di meccanismi.
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Figure 8. Stick representation of the minimum energy conformer,
obtained by a restrained conformational search, of (a) pp-1 in POPC,
(b) Lp-1 in POPC, (c) LL-1 in POPC, (d) pL-1 in POPC.
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Scheme 1. Schematic representation of the HAAA-DO (a), HAAA-DI (b) and HAAA-D2 (c) click-gels formation.
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Fig. 2. 600.13 MHz ' H HR-MAS spectra of HAAA-DO (a), HAAA-DI (b) and HAAA-D2
(c) click-gels hydrated with phosphate-buffered D,0 solution (100mM, pD=7) at
T=27°C. The labels are used in accordance to Scheme Ta-c.
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Pullulan-NIPAAM gels.

NMR STUDY OF THERMAL TRANSITION OF N-
ISOPROPYLACRYLAMIDE/METHACRYLATED PULLULAN
HYDROGELS.

R Lamanna®, A.P. Sabolev”, G. Masci®, D Bontempo' , V. Crescenzi®
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Figure 1. 'H-HRMAS spectra of PULMA hydrogel with and without
NIPAAM. The upper part of the spectrum represent the pure PULMA gel
(NPO) whereas the lower part shows the PULMA-NIPAAM sample with 13
molecule of NIPAAM per methacrylate group (NP13). The insets show the
corresponding water signals.
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Figure 2. Stack plot of the NIPAAM and polysaccharide resonances as a
function of temperature for the NP6 gel.

—=—NPI3

Int (a.u)

Figure 3. Intensity of methyl resonance of NIPAAM polymer as a function of
temperature and for four hydrogel at different NIPAAM concentration.

Thermal transition of Pullulan-NIPAAM gels.

NIPAAM' s water (%)

TCO)

Figure 4. Bound water content as a function of temperature for gel with
different amount of NIPAAM (NP3 down triangles, NP6 stars, NP10 up
triangles, NP13 circles).

DxI0° (em’ 57)

T(°C)
Figure 5. Self-diffusion coefficient of HOD as a function of the temperature
for the NPI3 gel. Up triangles represent the pure HOD self diffusion
coefficients. Down triangles represent the diffusion coefficients of the high
field water signal. The self diffusion coefficients of the bound water
component are represented by filled circles.
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Thermosensitive Alg-Ca microspheres

30
\
sen/

rocedure and of

300 £110 n

the poly-NIPAAM moieties of the

of the Ca.

Fig 1. . y
poly(AMPTMA-b-NIPAAM) anchored to the microspheres. The letters in the chemical structure refer to the NMR analysis. The pictures (below) show the evolution of a
colloidal suspension of modified CaAlg microspheres [200 mg CaAlg, 0.5% (w/v) poly(AMPTMA-b-NIPAAM)] to a macroscopic aggregate. The mean diameter of the single

microparticles (dy) is also reported.
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Thermosensitive Alg-Ca microspheres

L Oddo et al./Acta Biomaterialia 6 (2010) 3657-3664 3661

PAMPTMA
carbons d

PAMPTHA
carbons d

A .
o
100 { @8 * - > - - -
w C h -
£ —
21" polyamide metif grougs.
« prckonso..d ofthe poycaton moiety ) N R g
x m = w e a4 a

Tee

Fig. 2. 600.13 MHz 'H HR-MAS spectra of poly(AMPTMA-b-NIPAAM)-modified CaAlg microspheres. () Resonances of the methyl groups of poly-NIPAAM at 1.1 ppm at
different {emperatues; (b) esonances of the poly(AMPTMA) moiety in the 29-3.7 ppm range at different ttemperaturs; (c) ntegrls of the signals recorded in 1.;) and )

reported as a function 13 MHz PCM,
v) (€) aqueous slutions of puly(AMPTMA b-NIPAAM). The integrals for estimation of the ratio between AMPI’MA repeating units and uronic residues of algmatt are alsn
reported.
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Maeda et al, Int. J. Biol. Macromol, 28, 2001

MD studies on Sclg-borax hydrogels:
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= = e
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Bocchinfuso et al., J. Phys. Chem. B, Vol. 112, No. 20, 2008
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Water diffusion in sgleroglucan gels
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=101
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e doms 4 soms + 300ms
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ta(s)

NMR decay of water in the Sclg sample MSD of water in the Sclg sample

vs. G2ty. D =251+0.03 x 10~%cm?s—!
v = 1.00 £+ 0.01.

“Anisotropic enhanced water diffusion in scleroglucan gel tablets” Chiara Di Meo, Tommasina Coviello, Pietro
Matricardi, Franco Alhaique, Donatella Capitani and Raffaele Lamanna* Soft Matter, (2011),7, 6068-6075
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The fraction of SMD molecules.

The #3/2 dependence of MSD is ob-
served mainly due to the behaviour of
a small fraction of diffusing molecules
performing large bulk excursions. This
fraction of diffusing molecules is time
dependent and is given by:

h= |t
th
where t;, is the retention time.

0.1

U0™350 200 300 100500 600700 SO0
tq (ms)

Relative intensity of water diffusion fraction vs. qztd.
(e): Sclg/borax R=0.5 uncompressed, (A): com-
ponents along the compression direction (||) of
Sclg/borax tablet R=0.5,(¥) components along the
compression direction (||) of Sclg/borax tablet R=1.0.
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IPN

N
T

Polymer A Polymer B

3

IPN

Two independently crosslinked
polymeric networks (A-A / £-£) form a
completely entangled system

IPN AlgCa/HAMAg

| &)

methacrylated hyaluronic acid (HAMA)

Water Signals

st

HA gt

e S~
: N7

474 4.72 4.70 4.68
4 (ppm)

AU.
W

Sample Clientical shifi (ppm) | Relative amount (%) | Linwidih (Hz)
L0 153

H,0 — D,095%

AlgCa 17082 100 7
HAMAg — H,0 o | 17059 1100 344

17039 121 216
47094 57.9 548

17085 (5] 273
4.7076 38.7 571

17030 2 71
IPN — NaCl § 47076 53.8 488

Table 1: Relative amount and ine-width of the water fitting components for all the samples.
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Figure 5: PN prepared in NaCL0.9%. (w/v): MSD of water vs. the diffusion time. Dots, water resonance

at 4.703 ppu.
water resonance at 1708 ppu. So

Dashed line it with K = 5.6 0.4 x 10 — Sem2s — 128

line £t with & = 2.06:£0.03 % 10— 5m2s —0.92 and

5= 128+ 0.03. Toiangles
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Figure 1: 1H HRMAS NMR spectrum of Invos1 LDPE polymer.

In the spectrum, the mobile chain of the polymer are clearly visible as a very
broad line around 1.2 ppm. Despite the large linewidth it is possible to distinguish CH2
and CH3 groups of the polymer. At lower field small lines, marked with dots, represent
the compounds of Nisaplin formulation added in the lacquer. Actually, Nisaplin is a
commercial formulation containing 2.5 % of nisin, 77.5% of NACI, 12% of proteins, 6%

of carbohydrates and 2% moisture.
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a) LDPE+PVC+Nisina ; b) LDPE+PVC; c) Nisina
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Confronto fra polimeri

HDPE

iyt gt

Figura 1: Spetiri 1H HR-MAS NMR di campioni di polietilene ad alia densita
(HDPE)

LDPE |

Tigura 2: Spettri 1H HR-MAS NMR di campioni di polietilene bassa densita: 1.LD-
2. LLDPE; 3. Plastomero). Gli inserti mostrano espansioni dello spettro nelle
i cui emergono segnali di componenti minoritari.

v,
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Contaminazione esterna
(passata di pomodoro)

HDPE F0095220
1. contaminato con pemodors

a)

2. dopo lavaggio
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Figura 9: Spettri 1H HR-MAS NMR di HDPE F00952EQ: (a,b) contaminato co

conserva di pomodoro; (c,d) dopo lavaggio.
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Figure 2: 1H HRMAS NMR spectrum of Invos 1 film before and after contact
with cheese.

Unewidth 21

Contt time taeeie)

Figure 5: Linewidth of the sharp deconvolution Lorentzian vs packaging time:
Invos1 film (red circles), Invos2 film (blue triangle)
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Figure 3: Spectrum deconvolution of

Invos 1 film Invos2 film

Figure 4: Spectrum deconvolution of
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Figure 7: Spectra of GS-film for different time of exposition to cheese.
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Figure 8: Spectra of GSPVC-film not suitable for cheese packaging at two
exposition times.
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Figure 1 First chronological demonstration of the principle of chrom-NMR, on two
pseudo-chromatographic setups. The top panels illustrate a DOSY layout for a mixture
of naphthalene, ethanol and dec-1-ene in deuterated ethanol in pure solution (A) and
upon addition of an ODS phase (B). A second set of DOSY experiments is shown in the
bottom panels, for a mixture of dichlorophenol, ethanol and heptane in deuterated
cyclohexane in pure solution (C) and upon addition of a bare porous silica phase (D).
Adapted from Ref. 14. Copyright 2003 National Academy of Sciences, USA.
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Chromatographic permission from Ref. 53. Copyright 2008 Elsevier.
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Figure 4 Example of the application of chrom-NMR/HRMAS with regular NMR
solvents and bare silica as a solid phase. Left panel: aromatic molecule homologues in
deuterated chloroform: benzene, naphthalene and anthracene. Right panel: alcohol
mixture ethylene glycol, phenol, isopropanol in deuterated water. Adapted with
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Preparation and characterization of cobalt-based nanostructured
materials
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Fig. 6. 'H HR-MAS NMR spectra in CDCl; of three different
Co-CiaHasSH samples (A-C) and of pure CraHasSH (D).
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of the Active Surfaces of MgCl,-Supported Ziegler—Natta Catalysts. The MgCl, Mat

MgCI2 Ziegler-Natta Catalizers

J. Phys. Chem. C 2008, 112, 1081—1089 1081

Periodic DFT and High-Resolution Magic-Angl inning (HR-MAS) '"H NMR Investigation

Vincenzo Busico,*"+ Mauro Causa,’ Roberta Cipullo, Raffacle Credendino,”
Francesco Cautillo,"# Nic Friederichs,® Raffacle Lamanna,' Annalaura Segre," and

Valeria Van Axel Castelli’+#

Dipartimento di Chimica, Universita di Napoli Federico I, Via Cintia, 80126 Naples, Italy, Dutch Polymer
Institute (DPI), P.O. Box 902, 5600 AX Eindhoven, The Netherlands, Sabic Europe, Research & Development,
P.O. Box 319, 6160 AH Gele The Netherlands, ENEA, Centro Ricerche di Trisaia, 75026 Rotondella (MT),
Iraly, and Istituto di Metodologie Chimiche, CNR, P.O. Box 10, 00016 Monterotondo Stazione (RM), Italy

1082 J. Phys. Chem. C, Vol. 112, No. 4, 2008 Busico et al.

Figure 1. Models of MgCl, side edges and epitactic TiCL surface adducts, according to refs 6 and 7 (adapted).
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Figure 6. 600-MHz HR-MAS 'H NMR spectra (at 30 1C, 6 kHz
spinning rate) of MgCly suspended in cyclohexane-di, solutions of
octadecylmethyldimethoxysilane: Rsing = (A) 0.4%, (B) 1.7%. The

sharp peak marked with an asterisk is due to the residual protons of
cyclohexane.

————

Chromatographic

NMR.
Nano Materials.

Catalizzatori
Ziegler-Natta.

Matrici alimentari

@ Larisonanza del OCHj é larga e spostata
segno di forte legame con il MgCls.

@ Il segnale dei CH, ha due componenti

(Sharp 8 H) segno di un progressivo aumento
di mobilita dei gruppi verso il metile finale.

@ Per Rsi/mg > 0.7% appare una fase mobile

in scambio lento con la fase legata

24 22 20 18 16 14 12 10 o8 ‘opm
Figure 7. Diffusion-filtered 600-MHz HR-MAS 'H NMR spectra (at
30 1C, 6 kHz spinning rate, A = 100 ms) of the system presented in
Figure 6A. Gradient intensities: black trace, 1.8 G em™': red trace,
34.5 G em ™. The sharp peak marked with an asterisk is due to the
residual protons of cyclohexane. The substantial invariance in the two
experiments of the peak at ¢ = 0.94 ppm. due to the methyl protons of
the octadecyl! tail, 1s indicative of slow diffusion. Note, at the other
extreme, the dramatic loss of intensity of the signal due to the solvent
at high gradient intensity.

55/63




HRMAS Octadecilmethylmethoxysilane

applications
Raffaele
Lamanna
¥
Sistemi Eterogenei
Matrice *
polisaccaridica
Liposomi N
multilamellari (MLV)
Polis: ridi & MLV
B
Molecole chirali in
MLV
Hydrogels B
Click gels
Gel termosensibili 64
Ao il A
Diffusione in sistemi . . . . . . . . . . . . Y
eterogenei 45 40 35 30 25 20 15 10 05 00 -05ppm
olmer Figure 8. 600-MHz HR-MAS 'H NMR spectra (at 30 YC, 6 kHz A /]
spinning rate) of MgCly suspended in cyclohexane-d2 solutions of -—_—
Polimeri attivi octadecyldimethylmethoxysilane: Rsingg = (A) 0.2%, (B) 2.0%. The 24 22 20 18 16 14 12 10 08 06 04 02pm
Food contact sharp peak marked with an asterisk is due to the residual protons of Figure 9. Diffusion-filtered 600-MHz HR-MAS 'H NMR spectra (at
cyclohexane. 30 YC. 6 kHz spinning rate, A = 100 ms) of the systems in Figure (A)
8A and (B) £B. Gradient intensities: black trace, 1.8 G em™'; red trace,
5 ;5 34.5 G cm™'. The sharp peak marked with an asterisk is due to the
residual protons of cyclohexane.
Ghronaiogapti @ La soglia di saturazione é /
o X
NIHEEE Rsi/mg > 3.3% (appare il segnale
SaetE OCHs) @ La fase mobile non mostra il
Ziegler-Natta.
Meatrici aimentari @ Per Rs;j/py > 0.7% appare una segnale del OCHj; e quindi € in
fase mobile in scambio lento con qualche modo legata alla
la fase legata superficie.
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Wheat Flour Enzymatic Amylolysis Monitored by in Situ 'H
NMR Spectroscopy
MARIA E. AMATO,” GIULIANA ANSANELLLY SALVATORE FISICHELLA,"

RAFFAELE LAMANNA,** GIUSEPPE SCARLATA,' ANATOLI P. SOBOLEY. AND
ANNALAURA SEGRE®

Diartimento di Scenze Ch
(CRENEA Trisaia UTS Biotec-A
Insitute of Chemical Method

Universi Visle A, Doria, 695125 Catania, Iy
- K 419.5, 75026 Rotondella (M, iy, and
10, 00016 Montertondo Stazione, Rome, laly

I T T T
‘ | " 4.66 4.65 4.64 463 ppm
5 U\ ‘\ ' H I Figure 2. Stack plot of *H HR-MAS spectra of a wheat flour sample at
/\LJ'\L )l,,,d UV different times of the enzymatic kinetic: (A} expansion of the region
e e L w n w o « ding to the lipids, (B) expansion of the region corresponding to
s 1. HRNAS secium of 3 whest our sampe i hosphte B, Spun 3t K. the p-glucose and j-maltose anomeric signals.
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Figure 3. Intensities of the B-glucose (open circles) and A-maltose (open triangles) anomeric signals, as a function of time, for several wheat samples.

The sold lines represent the best fit of data to eqs 1 and 2
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Figure 2. PCA scores plot produced from the NMR spectra of ten Arabica green coffee
Figure 1. HR-MAS 'H NMR spectrum of a powder sample of green coffee (Coffea samples. Red circles represent good quality coffee whereas blue circles represent bad
arabica). quality coffee.
NMR
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Figure 5. Diffusion coefficients of water (W) and fatty acids (FA) for selected Arabica
green coffee samples as a function of the observation time (). The restricted diffusion
behaviour of fatty acids is reported for a barrier of 200 nm (solid linc). 60/63
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his e Fig. 1. 600.1 3 'H HRMAS (600 MH2) spectrum of: (A) a royal jelly sample; (B,C,D) expansion of some spectral regions with the assignment
fEr e ———— of some peaks is also reported: 1, (CH;)n of FA; 2,VAL; 3, LEU; 4, ILE; 5, LYS; 6, PRO; 7, PHE; 8, CHN derivatives; 9, 6-GLC; 10, B-GLC;
e

11, FRU; 12, SUC; 13, RIB; 14, GUA, ADE, INO spectral region; 15, UR derivatives.
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Fig. 3. Scores (A) and loadings (B) plots of PCA applied to the intensity
of 22 selected variables. Chinese royal jelly samples (+), Italian royal

jelly samples (
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