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NMR analysis of mixtures
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Introduction

Alleviate overlap: recent strategies

Pure shift NMR

'H Pure shift

'H NMR
2.2 1.8 1.4 ppm 22 1.8 1.4 ppm

Peak positions determined solely
by chemical shifts

v Reduced spectral complexity
v Enhanced signal resolution
v Easier spectral analysis

eMagRes 2014, 3, 295; Magn. Reson. Chem. 2015, 53, 399
Prog. Nucl. Mag. Res. Sp. 2015, 86, 1; Magn. Reson. Chem. 2017, 55, 47

NMR analysis of mixtures

Pure shift NMR of mixtures
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ChemPhysChem 2014, 15, 854
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Introduction NMR analysis of mixtures

1D 'H NMR & Mixture analysis Strategies for alleviating overlap
Other nuclei Spectral editing
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Our recent work NMR analysis of mixtures

New NMR methods

PSYCHE-iDOSY
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New NMR methods

PSYCHE-iDOSY

Diffusion NMR

Diffusion array Diffusion-Ordered SpectroscopY (DOSY)
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New NMR methods PSYCHE-iDOSY

Diffusion NMR

Conventional DOSY
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New NMR methods

Conventional DOSY
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New NMR methods PSYCHE-iDOSY
PSYCHE-DOSY experiment

PSYCHE Oneshot PSYCHE

Stimulated echo
Stimulated echo

Jt1/2 I BB |t IJ t/2 I
v I AR | il I I I AN WWW
A _.N.A AN
G, AA A G, Ay . A
PSYCHE benefits Oneshot PSYCHE
v Higher sensitivity Oneshot: diffusion encoding
v Less sensitive to spatial non-uniformity of PFG PSYCHE: Inverts active spins

Angew. Chem. Int. Ed. 2016, 55, 15579



New NMR methods PSYCHE-iDOSY

PSYCHE-iDOSY experiment

PSYCHE PSYCHE-iDOSY
Stimulated echo
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v Higher sensitivity Inverts active spins
v Less sensitive to spatial non-uniformity of PFG Provides internal diffusion encoding (iDOSY)

Angew. Chem. Int. Ed. 2016, 55, 15579



New NMR methods PSYCHE-iDOSY

Pure shift DOSY & Mixtures

Oneshot DOSY PSYCHE-iDOSY
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Angew. Chem. Int. Ed. 2016, 55, 15579



Pure shift DOSY & Resolution

Resolution in the diffusion domain = Determined by the uncertainties in D = Estimated in the fitting

Oneshot ZS PSYCHE-iDOSY
1l gl ||| o l||J||I. | o Ll lllll“_d.n_-l_l.JJAl]._|_ 0
—~ . L 5
;w il 1| || | ‘ eyl - S - -
£ | I : \ g I - e
e | - 10 ' L 10
— I "y 'Il
I L 15 . - 15
' |
T T T T T 20 T i T T T 20
& 'H/ppm 6 4 2 0 8 'H / ppm 6 4 2 0
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Angew. Chem. Int. Ed. 2016, 55, 15579



PSYCHE-iDOSY

New NMR methods

Ultrahigh resolution DOSY

Oneshot DOSY PSYCHE-iDOSY
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Our recent work NMR analysis of mixtures

New NMR methods

PSYCHE-iDOSY TOCSY-PSYCHE
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New NMR methods Selective 1D PSYCHE-TOCSY

Spectral factorization by homonuclear editing: selective 1D TOCSY
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f T T l T I T ‘ T T T 1 Chem. Commun. 1999, 1319

Sucrose 52 50 48 46 44 42 40 38 36 34 ppm Angew. Chem. Int. Ed. 2003, 42, 3938




New NMR methods Selective 1D PSYCHE-TOCSY

Selective 1D TOCSY & Complex mixtures
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New NMR methods Selective 1D PSYCHE-TOCSY

Selective pure shift 1D TOCSY-PSYCHE experiment

Spin
selection pure shift

TOCSY Interferogram

RSC Adv. 2016, 6, 100063



New NMR methods

Selective TOCSY

'H NMR

Selective 1D PSYCHE-TOCSY

Ultrahigh resolution pure shift selective TOCSY
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PSYCHE-iDOSY

Our recent work NMR analysis of mixtures

New NMR methods

TOCSY-PSYCHE
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New NMR methods

Relaxation NMR

Relaxation array Relaxation-Ordered SpectroscopY (ROSY)
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New NMR methods REST

Relaxation-encoded selective TOCSY (REST) experiment
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Chem. Commun. 2017, 53, 7461



New NMR methods

Relaxation-encoded selective TOCSY (REST) experiment

_ y y y 180°
I T, I o kA 4 =
(R | e HM'H el DIPSI-2 [lza llm...,.

; NP

- . -n_
Relaxation Spin TOCSY
encoding selection
O H H O H H QO H H
g Voo ﬂ VYo s ﬂ Yoo ls
HO™ \;c_/ \ﬁ/ CH, Ho” \IC/ e e, HO” \;c \E “CH,
H,N H z H,N H HN H

Signals from a
= i given spin
system appear

...................................................... at the same T,

4.0 T T T T y y y ' d ' !
35 30 25 20 35 30 25 20 35 30 25 20
8,/ ppm 8,/ ppm 8/ ppm

]
]

3.0

Chem. Commun. 2017, 53, 7461



New NMR methods REST
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New NMR methods REST

REST & Beer
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I —

OUTSCORE

(Optimized Unmixing of
3.9 3.7 3.5 ppm True Spectra for
COmponent REsolution)

Chem. Commun. 2013, 49, 10510

o-Glucose

Complex Mixture 3.9 37 35  ppm

Virtual separation
of components

Chem. Commun. 2017, 53, 7461



Our recent work NMR analysis of mixtures

New NMR methods

PSYCHE-iDOSY TOCSY-PSYCHE REST FESTA

Conventional DOSY PSYCHE-iDOSY Neomenthol Complex Individual Fluorine-Edited Selective TOCSY Acquisition
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New NMR methods

Mixtures containing fluorinated species

'H NMR
x Signal overlap
P %X Component information
! : 2 x Structural information
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New NMR methods

Mixtures containing fluorinated species

'H NMR
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New NMR methods FESTA

Fluorine-edited selective TOCSY Acquisition (FESTA) experiment

180° 180° y
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Anal. Chem. 2018, 90, 5445



New NMR methods FESTA

Fluorine-edited selective TOCSY Acquisition (FESTA) experiment
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Anal. Chem. 2018, 90, 5445



New NMR methods FESTA

Fluorine-edited selective TOCSY Acquisition (FESTA) experiment
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New NMR methods FESTA

Fluorine-edited selective TOCSY Acquisition (FESTA) experiment
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New NMR methods FESTA

FESTA & Drug mixture
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New NMR methods FESTA

FESTA & Drug mixture

Selective 1D TOCSY FESTA
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Anal. Chem. 2018, 90, 5445



PSYCHE-iDOSY

New NMR methods

TOCSY-PSYCHE

REST

Our recent work NMR analysis of mixtures
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New NMR software

General NMR Analysis Toolbox (GNAT)

* For processing, visualising and
analysing NMR data

e Based on the DOSY Toolbox

(J. Magn. Reson. 2009, 200, 296)

* Free & open-source software
* User-friendly graphical interface

* MATLAB® language (free-standing
compiled versions available)
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Main window of the graphical interface of the GNAT

Magn. Reson. Chem. 2018, 56, 546



New NMR software

Diffusion (DOSY)

Relaxation (ROSY)

GNAT & Mixture analysis

\ Univariate methods ]

1, ' ' ot b i ] - S 3:
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! T E‘
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Chemical shift / ppm
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]
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Chemical shift / ppm

Magn. Reson. Chem. 2018, 56, 546

Diffusion related parameters

Calculate diffusion parameters
by pulse secquence type

T/m

00681
0.1208
0.1566
01856

dosyconstant
52313110435.0967

A A 3
0.1665 016575 0.0021
T T
267524618 573 0.001570]

0.2107°

0.2331
02536
0.2725

Relaxation related parameters

Delays (vdlist) Counter (vclist)
Convert counter to delays sec count

1 00089 | 1 4
Loop duration (s) | 2 | 00533 || 2 | 24
0.0022212 3 0.1066 3 48
For CPMG => Ztau+p2 | 4 | 0232 4 | =3
For PROJECT => #*tau+2'p2+p1 | 5 0.2843 5 128
6 0.4265 6 192
Revert to original values 7 0.5686 7 256
8 0.7108 8 320




New NMR software

GNAT & Mixture analysis

\ Multivariate methods]

Spectrum mode 0.4 ! Concentration mode
SCORE/RSCORE l M % 02
5_) E ————
OUTSCORE 0.0
LOCODOSY g M M 4(IJExperim:r?t 120
2
DECRA JL ] Diffusion mode
0.6 -
FDM/RRT 2 \
£ < 0.4 -
PARAFAC 3 < \
55 50 45 40 35 30 1 2 3 4 & &
8 Ippm Experiment

PARAFAC analysis of the hydrolysis of maltotriose. Diffusion NMR experiments were
performed continuously over the course of the reaction (Anal. Chem. 2009, 81, 8119)

Magn. Reson. Chem. 2018, 56, 546



PSYCHE-iDOSY

New NMR methods

TOCSY-PSYCHE

REST

Our recent work NMR analysis of mixtures
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New NMR software MAGNATE

Multidimensional Analysis for the GNAT Environment (MAGNATE)

Files | Edit Help -

* For processing, visualising

and analysing 3D diffusion wf | I— —
NMR data ., -

* Free & open-source software R ]
* User-friendly graphical , ‘

60 — L] L] -
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* MATLAB® language ; E i é : e ; :
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Main window of the graphical interface of the MAGNATE

maCNAN e Anal. Chem. 2018, 90, 13695



New NMR software MAGNATE

MAGNATE & Mixture analysis

‘ Univariate methods ’
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New NMR software MAGNATE

MAGNATE & Mixture analysis
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PSYCHE-iDOSY

Conventional DOSY PSYCHE-iDOSY
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Pulse program & Data set & Software (freely available)

Manchester NMR Methodology Group
https://nmr.chemistry.manchester.ac.uk/
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Downloads
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Pulse Sequences

We are currently preparing many of our pulse sequences, parameter sets,
example datasets and processing macros for the website. Some are available
here but if you would like to use any of the other the sequences, as described
in the publications section, please email us. The majority of sequences are

available for Varian systems and we are gradually writing the Bruker variants.

The pulse sequences and any macros required for data cenversion can be
accessed from this part of the website.
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Software

Toolbox), the legacy DOSY Toolbox, and diffusion estimation.
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Software produced in-house, including The GNAT (General NMR Analysis
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Workshops and presentations

The slides from some of the workshops and presentations given by group
members are available from this part of the website. There is a pure shift NMR
package available for download as part of our 2017 workshop on pure shift
NMR.

laura.castanaracedo@manchester.ac.uk
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