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« Opening and processing 2D NMR

« Assigning peaks to atoms

« Reporting assignment results

- Analyzing arrayed spectra for reaction monitoring

Note: This tutorial covers the NMR, NMRPredict, MSChrom, and ElVis 2



Processing 1D & 2D NMR Spectra Together

Data Browser F X
© Q4+ =
Name ™ Experiment Comment
~ [T Training Data Sets :
> T 1H_phase_baseline
> [ Database Search
~ [ Ibuprofen NMR and LC-MS
> T 1fid 1D-H-s52pul lbuprofen 4/8/2015
Sample data > B 2fid 1D-C-s2pul Ibuprofen 4/8/2015
> T 3fid 2D-HH-COSY-g... Ibuprofen 4/8/2015
L > 5 Afid 2D-CH-HSQC-E... lbuprofen 4/8/2015
> B s5fid 2D-CH-HMBC-... lbuprofen 4/8/2015
> &5 efid 2D-HH-NOESY  lbuprofen 4/8/2015
> T Waters_UPLC-MS.raw
|o'] Ibuprofen-Assigned.mnova
| '] ibuprofen.mol ibuprofen.cdx
> TR
> T Ms
> 5 Multiple 1H spectra
> = ouv




Open a 1D and 2D spectra of Ibuprofen

> Choose File > New to open a new blank document.

> |In Data Browser, choose the 1D H/C, 2D HSQC, HMBC, COSY, and NOESY spectra and drag all of
them to the main window.

> Re-process and analyze the H-1 and C-13 spectra according to the Basic Tutorial.

‘j ibuprofen.mol

Ls " 6.fid 2D-HH-NOESY
4.4 B : 4 i Waters_UPLC-MS.raw
t4
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Reference  Auto Peak Auto Multiplet - ) Aut I Line Clean Data 1H More
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Full View 8 X +
Pages # % [g)] Document 3* x |@) Document 14 x @ Document 30% % Data Browser & x S
2.2 - - [ eI I A
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” | v [ Training Data Sets k. &
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Which is which?

> Check View > Parameters Table to display the Parameters Table
> The Experiment and Pulse Sequence parameters usually indicate the type of NMR data

Parameters n
ﬂ W B %

Report Copy Setup  Customize

V| Pages Well Plates |v/| Parameters T Value -
Page MNotes Rulers v'| Data Browser 7 Instrument VIIMIFS
Tables
- Full View Full Screen Cursor Info 8 |Author
Show/Hide
9 Solvent dmso
10 Temperature 25.0
-
11 Pulse Sequence gHSQCAD
12 Experiment HSQC-EDITED
\.
13 Probe 3mm_cold_HCN_P001
14 Number of Scans 8
15 Receiver Gain 44
. . . . 16 Relaxation Delay 1.0000
Tip: You can display the Experiment as part of the spectrum title. i -
Double click on the spectrum and setup the Title in the Properties P »

Dialog.
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When a 2D is opened in Mnova, it is automatically

Rules of thumb for 2D processing

ol :

[ o ’-—‘
processed starting from the raw data (ser or fid), using the A -.’.‘
parameters from the instrument. Processing  Advised

Template « Processingw
> The used parameters can be displayed using the processing

Template tool

If the automated processed spectrum is not satisfactory to @ Processing Tt .
. . . =-H .
you, you will need to adjust some of the processing
. . f2 f1 2D-specific More Processing Analysis
parameters to Improve It' Time Domain Frequency Domain
> The first tool you can try is the Advised Processing, which applies Truncate et
parameters suggested by Mnova and reprocesses the spectrum. b shit prti o
> If the results is still not satisfactory, follow the next pages to - “M;jf,fi';":eﬂ?;%j,iff,o,mm,a,F,_!
H Polynomial Order: 3
adjust the parameters manually. S" s
/| Apodization Ll
Sine Square: 90° Reverse
Zero Filling and LP Absolute Reference
Spectrum Size: 2048 Proton Reference: : 599.76
= Factor: : 100.000000
Fourier Transform Reference

Protocol: Nene
Swap Halves: on Cuts

AP S G Number of Cuts: ¢

Apply oK Cancel
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Rules of thumb for 2D processing

The following processing parameters are usually closed related
the quality of the processed spectrum:

> Apodization: To improves the line shape, resolution and
S/N ratio
> COSY: Use Sine Square O for F2 & F1
> Others: Use Since Square 90 F2 & F1
> Zero Fill and LP (Linear Prediction): To improve resolution
> F2: at least double of the original datapoints, 2048 or 4096
> F1: At least double of the original datapoints, 512 or 1024
> F1: Do LP if original datapoints <= 128 (optional)
> Phase Correction: To improve line shape
> Use Imported or Automated (“Regions”) first
> Do manual correction if needed.
> Baseline Correction: To reduce noise
> Use Bernstein Polynomial Fit on either dimension
> QOther 2D-Specific parameters (optional):
> COSY, NOESY: Use Symmetrize with caution
> HSQC, HMBC: Use Reduce T1 Noise Reduction when needed.

A

Processing
Template
@ Processing Template ? X
=-8 -
f2 f1 2D-specific  More Processing Analysis
Time Domain Frequency Domain
/| Phase Correction
Truncate
Method: /mported
PHO: -36.4183
FID Shift PH1: 0
/| Baseline Correction
Frequency Shift Method: Bemstein Polynomial Fit
Polynomial Order: 7
/| Apodization Soeattilig
Sine Square: 90° Reverse
Zero Filling and LP Absolute Reference
Spectrum Size: 2048 Proton Reference: : 599.76
= Factor: : 100.000000
Fourier Transform Reference
Protocol: Nene
Swap Halves: on Cuts
AP S G Number of Cuts: ¢
Apply OK Cancel




Rules of thumb for 2D processing

Processing
Template

The 2D processing parameters that you may want to adjust and their recommended values*

Apodi Zero-fill & Linear Phase Correction Baseline Correction Others
-zation Prediction
cosy Sine square 0 | Atleast double to 2K or | Use imported parameters Use Bernstein Do COSY-style
on both F2 4K on F2; or 512 or 1K first. Use auto or manual Polynomial Fitting (3™ symmetrization with
and F1 on F1. Do linear phasing if needed on both | order) for F2 and F1 caution
prediction on F1 if # of F1and F2
increments < 128
HSQC Sine square Same as above Same as above Same as above Use Reduce T1 Noise
90 on both to reduce T1 noises
F2 and F1 with caution
HMBC Same as Same as above Same as above Same as above Same as above
above
NOESY/ Same as Same as above Same as above Same as above Do COSY-style
ROESY above symmetrization with
caution

*These are recommended starting points for conventional 2D NMR processing. You can try many of other combinations as appropriate.
Once you are satisfied with the results, you can save all the parameters as a processing template, and apply it to similar spectra later.



Re-process HSQC spectrum

<

> Reprocess the HSQC spectrum as shown below. Processing
> Note the apodization functions for F2 and F1 Template -
> Note the forward linear prediction for F1 applied here

? X

o Processing Template

-8
=2 | fi

Time Domain

Truncate

FID Shift

Frequency Shift

| Apodization

q Zero Filling and LP

Spectrum Size: 2048

Sine Square: 90°

Fourier Transform

Protocol: None
Swap Halves: on
Mirror Image: on

2D-specific More Processing

Analysis

Frequency Domain
/| Phase Correction

Method: Imported
PHO: -36.4183
PH1: 0

| Baseline Correction

Method: Bernstein Polynomial Fit

Polynomial Order: 3

Smoothing
Reverse

Absolute Reference

Proton Reference: : 599.76
= Factor: : 100.000000

Reference

Cuts
Number of Cuts: 0

Apply oK

X

Cancel

o Processing Template

-8

q f1 2D-specific
Time Domain
Truncate
Frequency Shift

| Apodization
k) Sine Square: 90°

Zero Filling and LP

Spectrum Size: 1024

Fourier Transform

Protocol: Echo-Antiecho
Swap Halves: on
Mirror Image: on

) 3
" Forward LP: /128 256] 112, 15

More Processing Analysis

Frequency Domain
q /| Phase Correction
- Method: Imported

PHO: ¢
PH1: 0

/| Baseline Correction

Method: Bemstein Polynomial Fit
Polynomial Order: 3

Smoothing
Reverse

Absolute Reference

Proton Reference: : 599.76
= Factor: : 25.145020

Reference

Cuts
Number of Cuts: 0

Apply OK Cancel

Note: The Fourier Transform method is automatically set and normally you don’t need to change it.
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Re-process HSQC spectrum

> The re-processed HSQC spectrum shows better line shape, and higher resolution on the
F1 dimension
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Re-process HMBC spectrum

<

> Reprocess the HMBC spectrum as shown below. T
> Note the apodization functions for F2 and F1 Template «
> Note the forward linear prediction for F1 applied here

X © Processing Template ? X

0 Processing Template

M=

=> f2 f1 2D-specific
Time Domain
Truncate
FID Shift
Frequency Shift

/| Apodization

> Sine Square: 90°

Zero Filling and LP
> Spectrum Size: 2048

Fourier Transform

Protocol: None
Swap Halves: on
Mirror Image: on

More Processing

Analysis

Frequency Domain

q /| Phase Correction

Method: Magnitude

/| Baseline Correction
Method: Bernstein Polvnomial Fit

q Polynomial Order: 3

Smoothing
Reverse

Absolute Reference

Proton Reference: : 599.76
= Factor: : 100.000000

Reference

Cuts
Number of Cuts: ¢

Apply OK

Cancel

SN =

q f1 2D-specific
Time Domain
Truncate
Frequency Shift

| Apodization

\ Sine Square: 90°

) 3
il

Zero Filling and LP
Spectrum Size: 1024

i

Fourier Transform

Protocol: Echo-Antiecho
Swap Halves: on
Mirror Image: on

More Processing

=

N Forward LP: /128, 256] 112, 15 =

Analysis

Frequency Domain
| Phase Correction

Method: Imported
PHO: ¢
PH1: ¢

| Baseline Correction

Method: Bernstein Polynomial Fit

Polynomial Order: 3

Smoothing
Reverse

Absolute Reference

Proton Reference: : 599.76
= Factor: : 25145020

Reference

Cuts
Number of Cuts: 0

Apply OK

Cancel

Note: The Fourier Transform method is automatically set and normally you don’t need to change it.
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Re-process HMBC spectrum

> The re-processed HSQC spectrum shows better line shape, and higher resolution on the
F1 dimension
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Re-process COSY spectrum

r
-
> Reprocess the COSY spectrum as shown below. _;JL
> Note the apodization functions for F2 and F1 - .
) o . rocessing
> Note the forward linear prediction for F1 applied here e
]
> Turn off Symmetrize in the 2D-specific Tab
@ Processing Template ? X © Processing Template ? X
[— . — .
= =
=$f2 f1 2D-specific More Processing Analysis ? 1 2D-specific More Processing Analysis
Time Domain q Frequency Domain Time Domain Frequency Domain
Truncate /| Phase Correction . . Phase Correction
Method: Magnitude runcate
. | Baseline Correction
FID Shift . .
8 tzealne Cogedo Frequency Shift Method: Bernstein Polynomial Fit
| Method: Bernstein Polynomial Fit Polynomial Order: 3
Frequency Shift Polynomial Order: 3 .
Smoothi | Apodization Smoothing
moaothin
/| Apodization ’ k r)l Sine Square: 0°
| — Reverse
Sine Square: 0° HEiEIEE
)| Zero Filling and LP Absolute Reference
=? Zero Filling and LP Absolute Reference ™ Spectrum Size: 2048 Proton Reference: : 599.76
Spectrum Size: 2048 P ';’atgt':“'f‘ff%%“g&; il Lo e = Factor: : 100.000000
Bt TrnE Rt Fourier Transform Reference
Protocol: None Protocol: None ot
Swap Halves: on Cuts Swap Halves: on us
Mirror Image: on PR Mirror Image: on Number of Cuts: 0
Apply oK Cancel Apply oK Cancel

Note: The Fourier Transform method is automatically set and normally you don’t need to change it.
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Re-process COSY spectrum

> The re-processed COSY spectrum shows better line shape, and higher resolution on the
F1 dimension
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Re-process NOESY spectrum

B

> Reprocess the NOESY spectrum as shown below.
Processing

> Note the apodization functions for F2 and F1
Template
> Note the forward linear prediction for F1 applied here
@ Processing Template ? X © Processing Template ? X
-8 - E-A .
=> f2 f1 2D-spedific More Processing Analysis q f1 2D-specific More Processing Analysis
Time Domain Frequency Domain Time Domain Frequency Domain
q | Phase Correction v| Phase Correction
Truncate T " _q
Method: Magnitude runcste Method: Zmported
PHO: ¢
FID Shift /| Baseline Correction ) Sl
Frequency Shift . .
Method: Bernstein Polynomial Fit v| Baseline Correction
Frequency Shift Polynomial Order: 3 Method: Bernstein Polynomial Fit
. | Apodization — Polynomial Order: 3
Smoothing I k)
V| Apodization f ¥ Sine Square: 90° Smoothing
Sine Square: 90° Reverse Ri
: everse
=> I L) Zero Filling and LP
Zero Filling and LP Absolute Reference ‘ ¥ Spectrum Size: 1024 Absolute Reference
Spect Si 2048 Proton Reference: - 59970 Forward LP: /126, 256} 112, 15 Proton Reference: : 599.76
rum Size: = = 3E :
=> = Factor: & 100.000000 = Factor: : 25.145020
Fourier Transform
Fourier Transform Reference Reference
Protocol: Echo-Antiecho
Protocol: None Swap Halves: on
_:I\l_vap I}alves:. on Cuts Mirror Image: on Cuts
frror image: o7 Number of Cuts: ¢ Number of Cuts: 0
Apply OK Cancel Apply OK Cancel

Note: The Fourier Transform method is automatically set and normally you don’t need to change it.
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Re-process NOESY spectrum

> The re-processed NOESY spectrum shows better line shape, and higher resolution on the
F1 dimension, though there still some phase errors
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> Do Manual phase correction for both dimensions. /1;

> Also apply +180 for PHO to make the cross peaks negative and Manual
diagonal peaks positive Correction,

Phase correction for NOESY spectrum

l Phase Correction n
[ .

| E Y S N (0 B

, . (A2
6
Ibuprofen
———————— 482015 ' oo R %
. . 4 ; Click here and drag mouse
| up or down holding:
7 ! ' . L % left button for PHO correction or
— » K . f right button for PH1 correction.
(hold Ctrl key for fine tune)
3
[ . Some processing steps (e.g. baseline correction) are not
= ¢ ' ' applied during interactive phasing. The final spectrum
4 may differ from the provisional representation.
5
' PHO: 54.60 < +180 | PHI1: 0.00 -
6 " rPivot Point
: | Position: 0.854 : Biggest
= 18 [ ' o ' 7
(|
-8
9
10
r11
F12
— [} .




Change the Display Properties  Processing

Template
> Right click on the spectrum to open the Properties Dialog, view the properties that can be
changed
> |n the 2D Category, adjust the highlighted parameters and click Apply to see the effects
> C(lick Set as Default to retain the settings for 2D spectra display in the future
] Properties ? K .
_— E 4/Bj2015 :::
Metadata Geometry NMR Spectrum (= “. } — 44.0 E
General Legend = = Laso :
@ Grid Width: 4.23 mm - bas.s
1D Text Width: 12.70 mm : - - ‘ ‘ . . ‘ e
o 2D 74 372 370 368 366 3.64 3162 360 358 356 3.54 3.52 150 348 !r;?DDfr"T 256 2.54 252 250 248 246 244 242 240 238 236 234 232
Traces Palette: Red-Blue (Gradient) ™ 3_
- *;d| Plotting Method: Contour d
[:] Horizontal contours:
% ) Number of Positive Contours: 20 <
;{j Vertical Number of Negative Contours: 20 .
ﬁ Peaks Scaling: 1500 - i
4/8/2015 43.0
k Integrals Line Width: 25 * s
i .
MASSlgnmen‘cs wo
Q Prediction baas 55
Set as Default Restore OK Cancel Apply




Peak Assighment Using 1D & 2D NMR Spectra Together

Data Browser F X
O Q4 -
Name ™ Experiment Comment
~ [T Training Data Sets :
> T 1H_phase_baseline
> [ Database Search
~ [ Ibuprofen NMR and LC-MS
> T 1fid 1D-H-s52pul lbuprofen 4/8/2015
Sample data > 5 2fid 1D-C-s2pul Ibuprofen 4/8/2015
> & 3fid 2D-HH-COSY-g... Ibuprofen 4/8/2015
> T 4fid 2D-CH-HSQC-E... Ibuprofen 4/8/2015
This .mnova document has ) > B 5fid 2D-CH-HMBC-... Ibuprofen 4/8/2015
all 1D and 2D spectral peaks\ > T 6fid 2D-HH-NOESY  Ibuprofen 4/8/2015
assigned to the atoms in N > T Waters_UPLC-MS.raw
Ibuprofen. > [@) Ibuprofen-Assigned.mnova
| '] ibuprofen.mol ibuprofen.cdx
> T IR
> T Ms
> 5 Multiple 1H spectra
> T ouv




Chemical shift referencing for H-1

i L |
> This spectrum uses DMSO-d6 as the _i
solvent. We can reference the chemical Reference
shifts by setting its middle peak to 2.5 ppm.
> Zoom to the DMSO peak at around 2.5
ppm. Choose Analysis > Reference, and
click on the top of the middle peak. © reterence stong 1 T
> Setitto 2.5 ppm either manually or from
the Solvent List. S'ﬂﬂﬂ 2223; Zz: Ranzztfv;:::ng.mo pom_*
Annotation DMSO-d6
Solvent List
‘ | Name Shift (ppm) Multiplicity J ((“
Deuterium Oxide 4.730 1
Dimethyl Sulfoxide-ds | 2500 | 5 | 1
3.330 1
Fthanol-dé 5.290 1 hd
4 »
‘ Restore Defaults Add... Edit... Delete
]
2.5000 | ||.|| |
\

OK Cancel Solvents <<
||
II II‘
B __-jL B

270 265 260 255 250 245 240 235 230 225 220
f1 (poml
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Chemical shift referencing for other spectra

> Choose Analysis > References > Absolute Reference, o
and click OK to the dialog. -

> This applies referencing to all other spectra in the
document using the H-1 spectrum as a standard.

> |f needed, further align the 1D and 2D spectra
manually using the Graphic Reference tool.

Reference L

Graphic Reference R

Absolute Reference...

Auto Abgolute Reference

Xi Values...
|
NIR _ S
4 @ Absolute Reference ¢ ? X
Ibuprofen l4zg
4/8/2015
Use as Reference: 1: 599.763 MHz h
H43.0
Spectra =
H43.2
1] 1: 1H, 599.763 MHz  ==100.000000 (Me4Si CDCI3, © = 1%)
[43.4 [ 2:13C 150.826 MHz ==25.145020 (Me4Si CDCI3, p =1%)
lise 2D-COSY: 3
ral 1H, 599.763 MHz ==100.000000 (Me4Si CDCI3, @ = 1%)
[l 3.8 [4] 1H, 599.763 MHz ==100.000000 (Me4Si CDCI3, o = 1%)
A\
.‘l‘ A T L., 2D-HSQC-EDITED: 4
| ‘H".h | ' B 13C, 150.822 MHz 2=25.145020 (Me4Si CDCI3, @ = 1%)
‘—;5. “ iH VIR I Fa4.2 E 1H, 599.763 MHz ==100.000000 (Me4Si CDCI3, ¢ = 1%)
il | [] 2D-HMBC: 5
IVl t44.4 ] - . _ 19
I ! 13C, 150.826 MHz ==25.145020 (Me4Si CDCI3, @ = 1%)
i 0 e [] 1H, 599.763 MHz ==100.000000 (Me4Si CDCI3, @ = 1%)
v ‘ 2D-NOESY: 6
8 [6] 1H, 599.763 MHz ==100.000000 (Me4Si CDCI3, o = 1%)
l45.0 E 1H, 599.763 MHz ==100.000000 (Me4Si CDCI3, © = 1%)
422 = Values...
37 26 as 24 33 32 31 o 3.Iu_ 29 28 27 26 25 24 Show in spectrum title Show in parameters table
oK Cancel




Open the structure for peak assighment

> QOpen the Ibuprofen.mol file from the Data Browser.

v

Choose Molecule > Compound Table to show the structure on the side.

> Note: Open the same molecule only once. If needed, use Report on the Compound Table to
report the structure to other pages. Do not open the same structure multiple times.

> Display the Assignment Table. Make sure all spectra are “linked” in it.

rBREaa& ¢ @ NMR MestReNova

File Home View Molecule Prediction Tools Database Verification Elucidation Processing Analysis Assignments Quantitation Chen’s Tools
@4 ® S o (¥3) mem V| Assignment Labels
AL A M @F N o,
™. - AT
»

Assignment Qualities
Auto Manual Swap  Deduce NMR  Molecule

Assignment Assignment

Assignments

Full View

& x
+
Pages # % [g] Document 3% x Compounds 8 % h
o - &8 & x| ® Z Q \
i u Report Add Delete Setup  Graphical Props = PhysChem | In Columns
52
= u Molecule Properties 5
Tbuprofen 45
482015 H R858 2 ] Molecular Formula -f
o jegrei] E b Average Mass:
It I CHs Monoisotopic Mass &
CHy [ o Name:
, ¢ 6. Label: E d
2.2 s /\:/(\/9 1 CHs ' T e Color:
4 Il /l [‘)H 35 1 ” ‘ | Assignments:
e e 1 o 2t OH N
a5 HaC/ \‘2/ \3/ <
30 14
@ F (dp) . JH
09 1.80
&3 3(f}.90) 3[13.50, 6[74) g L AI
ol e Phase Correction MS Browser Multiplets Data Browser Compounds
A(S) . 20
L 1204 ](7 QE) ](274117] ](1_31‘1 w Assignments a8 x jt
¥
[P o=
N s NI ® @ & A N
.68) Report Copy Delete Expand Collapse Hide Setup Deduce NOE |
4.(1)4 i 0 Available spectra: .rLink:d spe;:lra: |
/ 3 Ibuprofen 4/8/2015 - i ap
— _ A~
I 6 Ibuprofen 4/8/2015
5 4 Ibuprofen 4/8/2015 m .
5 Ibuprofen 4/8/2015 ~ |
| | o
0 Atom Chemical Shift Quality Predicted Shift  J [a ﬂ
Iy ! |
5.5 g £ vic 1
: . £
4 13 12 1 10 9 8 7 6 5 4 3 2 1 0 -1 2C
™ L opm) gy ™ S
2 H
o -
K » T 4 »

Licenses: o pB: ©
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Show 2D correlation as arrows

> Right-click on the structure (or click on Graphical Props in the Compounds Table)
> |n the Arrows Tab, turn on the display of HMBC and NOESY correlation as different colors
> The correlations will be displayed when the assignments are added later

|tﬁ Properties
A=
Metadata Geometry Molecule
Atoms Bonds Arrows General
Correlation Arrows
@ Show Statically Show on Atom Mouseover
v/| HMBC ROESY v/| NOESY
B slate blue 7 B green = B red
Cosy TOCSY H2BC
B oreen 7 B green = B green
Line Width: 1.00 > | Axes Ratio: 0.80
Arrow Width: 7.00 ~| Arrow Height: 20.00
Set as Default Restore OK Cancel

4

Apply

Molecule
_—~CHs
m
CHy” 21 .\? L“l
g 4 OH
H3Cx_,§1'2u3/ 11

Tip: Click Save as Default button to save the settings




Assign H-1 multiplets

®)
> C(lick A key to switch to Manual Assignment mode HM Shortcut = A

> Click on a multiplet label and assign it to an atom (This is the most e
common way to assign H-1 peaks) Assignment

> C(Click on a peak and assign it to an atom
> C(lick and drag on the spectrum, and assign the range to an atom

> View chemical shift assignment grids on the other “linked” spectra

1

Ibuprofen - 45
8/20 - Mmoo skhnne a
Compounds [We/2015 N ekl e SRR 4
— - . S SpG Ry B el kel
W @ R 528 Z Q \ 40
Report  Add Delete Setup  Graphical Props = PhysChem |InC
Molecule
|35
CH, "
/i\ =0 dl) Fd
P)) |
8/10 09 160 25

5 .
| (p.90) J13.50, 6[74)
4

1
1 1 || OH \ : 'Bd) D(q) | | E|d) || G}(d)
1 2 11(s 7lko
P 12.24 /
H3C 12 \3 1M 1 Y

3.62 2041 || 134 r20
17.12)| 3417y | 1414
14 ' Hld) I
0|85 15
1(4.68)
L0

assignment, although it is possible to try the ‘
Auto Assignment first, and then do manual .
correction. g

*This tutorial is focused on manual ‘ s

2.06~
~ 4 198

g 3




Predict and Compare for H-1 assighment

*)
> QOptionally, you can choose Predict > Predict and Compare to have
a predicted H-1 spectrum stacked above the experimental one to "AM"‘ Shortcut = A
guide your assignment of some peaks Manual
Assignment

> For example, the predicted quartet for H-7 is very close to the
guartet observed at around 3.62ppm, so we can assign that
observed quartet to H-7, by clicking the atom and then the
multiplet label in the Manual Assignment mode.

> You can assign more multiplets in this way.

Predicted 1H NMR Spectrum
CHs
| 14
18 6 7 =0 s 15
CHq 1|/ %i/ \"T/ 10
|
11 : u C/ﬂ'\ﬁ/l\,/ %H ‘
Tip: Use the following short cut keys to accelerate i L,
your assignment: z
A: Assignment mode 5
Z: Zoom in mode |
S: Swap the assignments of two atoms L ,L _
<Ctrl+Space>: Switch to Zoom in mode temporarily
<ESC>: Exit from any of the modes above -
Tbuprofen
If you need a copy of the structure in a page, click the [/8/2015 [
; o | I " |
structure in the Compounds Table and click Report. ! !l ! s
c (m) Fip)| |H(@)
To delete the predicted C-13 spectrum, choose Stack 7.10 180 | | 985
j Afs) B (m) 7(a) E(d) G|(d) E
> Stacked Items Table, and delete it from the Table. oo 2 s e H, 1
| | .
J n g d I3
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Assign C-13 peaks

> Make a copy of the C-13 spectrum. M Shortcut = A
> Choose Predict > Predict Compare to predict the 13C spectrum Manual
> Use the prediction to guide the manual assignment Assignment
Predicted 13C NMR Spectrum 14, 15
3
1
Compounds g
@ & % @ Z Q 0 L
Report Add Delete Setup  Graphical Props  PhysChem [Ini .
Molecule 8 52
|
l 2
6 7 @) Ibuprofen
1 Chy e \8%10 4/8/2015
i | | |
/13\ /2\ /4 %H .
H3C 12
14 8

180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
f1 (ppm)




General guidance for assigning 2D spectra

> Since Mnova version 14.1, the assignment of a 2D peak is based on a “2D multiplet”, which can be either a
single peak or a group of peaks.

> 2D multiplets can be automatically picked using Analysis > Auto Multiplet Analysis, and then manually
corrected.

> |f you don’t pick any multiplets before assigning a 2D peak, it will automatically pick a multiplet around
where you clicked in the 2D spectrum during the assignment.

> A 2D multiplet can be manually resized using the green blocks shown around it when you hover the cursor

on it. ;‘n"ﬂ A
‘ A
rUn'\ _/ l \/ \__
4 7 4
uprofen Tbuprofen
i?'s?zuis HSQC r42:5 4;5?2015 H SQC
D r128.0
r43.0 7.10,128.89
! r43.5
3.62,44.35 B
/% \ F128.5
TN
_J dﬂ”f HII ‘ F44.0
-7 , .”J,]J .i — o “m
\\E\k ’ﬂ}’ F44.5 1 190
7
g F45.0
-129.5
r45.5
T T T T T T T 1 ~130.0
380375 370 365 360 355 350 345 735 714 703 702 7.1 700 7.00 708 707 7.06 7.05
A HSQC multiplet with a single peak. It A HSQC multiplet with two peaks. It is
is assigned to CH(7) not assigned to any atoms yet

Tip: For better visualization of the assignment results on a 2D spectrum, it is better to suppress the display of the 2D peaks
and 2D multiplet labels. Right click on the spectrum and choose Properties, and turn off those options.




Assignment lines across the spectra
:
> |f you assign a peak from a 1D H-1 or C-13 spectrum, the H|H Shortcut = A

assignment is displayed for the same nucleus on the 2D
spectra automatically

> |f you assign a cross peak from a 2D spectrum, the
assignments for the corresponding nuclei/dimensions are
also displayed on the corresponding 1D and 2D spectra,
automatically

> The 1D and 2D assignment results are recorded in the l L Jl
Assignment Table (Assignment > NMR Assignments) L 1 N -
9 15

> You can click and drag an assignment line to change the uprofen | HSQC

chemical shift. 4/8/2015 Lis

Manual
Assignment

20

25

35

Tip: Click and drag the number (“7”) to adjust the
chemical shift value of this assigned peak in the C-13 e i Lap
dimension. The change will be reflected in all other

spectra, as well as in the Assignment Table. You can \wb _ ¢ 0

do this on 1D spectra too. 49

a0

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5




Assign HSQC peaks

> Assign a cross peak to connected H-C atom pair: Click the peak
first, then the assigned CH group (or, if H is drawn explicitly, the H
first, and C next) 1JC—H

H H H
> Hold Alt key to display the Assign Dialog for more choices. Use .
H

“original” 1D H or C chemical shifts if available*

4 11 4,6 7 12 13 914,15 -10
Ibuprofen 1,3 0 @ Assign ? X
| 4/8/2015
| r10
: 14 159 9 ., 20 Atoms 4,6: | ~ B(1H): |1H(f2)=7.186 ppm (multiplet 4,6) ~
i 14,15
— 13 E] 30 Already assigned (4):7.19 (6):7.19
j 1 40 Replace Add @ Keep Original
7 2
| ! 50
’ L60 V| Assign f1
70—~ . .
E Atoms 4,6: | ~ 8(13C): [f1=127.02 ppm | ~ |
80 % Already assigned (4):127.02 (6):127.02
| Y
%0 Replace Add @ Keep Original
100
r110
120 OK Cancel
| 46
:' 1,3 4,6 .1]3 130
= 25 140
1150 *The assigned chemical shifts can be from 1D or 2D peaks. Since a
160 1D spectrum typically has higher resolution, it is recommended to

use those from 1D. Note you can also fine tune the chemical shift
4 13 12 1 w0 9 8 7 6 5 4 3 2 1 0 A by moving the atom number on an assignment line.




Use Predict & Highlight to help
assighing HSQC peaks

> QOptionally, you can choose Predict > Predict and Highlight to display the
predicted range of HSQC peaks for CH groups. The ranges can be helpful for
assigning HSQC peaks to their corresponding CH groups

| i

Tbuprofen Lo
4/8/2015

10

10

9
15 -
- => . [13] 30.15%

i

CH,
|
e W NP
c‘:HE i T T *Click on CH(13), it shows the
PN OH value and error range of its
Fo ¢ : predicted C-13 and H-1 shifts.
This gives you an idea where
| N to look for the cross peak to
assign to this CH group.
T T T T T " T T T T T T T " T T T ° T [13]'1'8521 —T =T
14 13 12 11 10 o & 7 6 5 4 3 2 4,1_/«:/-1

2 {ppm)



> Assign a cross peak to connected H-C with 2 or 3 bonds in

between: Click the peak first, then the assigned H. Mnova will

popup an Assign Dialog for you to choose the assigned C.

> Use “original” 1D H or C chemical shifts if available

1|

I

e S
5 11 46 7 12 13 914,15
Ibuprofen 1,3
4/8/2015
9 Lo 13,1415 ¢
: 14,15 7,9 i 14,15, 15,14
12,13
4,6, 7, 27,
712 1,3, 12 *14,15, 12
4,6 4 ®
1,3 46, 1 7,46 42,13
25 13,5 75 2,3
CH, '
8 9 N 09’ &
[ |
6% =7 O

C -
NS
PLASIPPLNG

Assign HMBC peaks

100

120

140

160

180

200

220

.u
-
o
i

f1 (ppm)

H

@ Assign ?
Atom 3: - G(1H): | f2=7.085 ppm
Already assigned (3):7.08-7.11
’7 Replace Add # Keep Original
r [v] Assign f1
atom: [12 [= B(13C): [fi=#4.2ppm -
Alrea ; “ bed (12):44.20-44.22
’7 Ri Add * Keep Original
5
]
7
3 oK Cancel
9
-




Assign COSY peaks

> Assign a cross peak to a H-H pair with 2 or 3 bonds in between: 3JH_H
Click the peak first, then the assigned H on F2. Mnova will popup H « H H H
an Assign Dialog for you to choose the other H.

2
> Note weak couplings between 4-5 bonds is also possible Jhn

> Use “original” 1D H-1 chemical shifts if avaiIabIT
| “ | JI A

3 11 4,6 7 12 13 914,15
Ibuprofen 1,3 L1 H
4/8/2015
ro
91‘“15 - '13,.14,!5 1
7 i ' "2,13 Y415, 13 L2
13,12 3 @ Assign ? X
~ 7 ' |9! 2 L4
5 Atoms 4,6: | ~ a(1H): |f2=7.186 ppm ~
E
6 & Already assigned (4):7.19 (6):7.19
6, Iz = -
= 4613 ‘11' 4,15 7 Replace Add @ Keep Original
8
9 | Assign f1
F10
11 Atom: |1~ o(1H): |f1=7.095 ppm ~
4y I L2 Already assigned (1):7.09
ri3 Replace Add ® Keep Original
T T T T T T T T T T T T T T T T _14
4 13 12 11 1 9 8 7 6 5 4 3 2 1 0 -1
f2 (ppm)
Tip: Di . . . e . OK Cancel
ip: Displaying the diagonal line can be helpful to distinguish cross peaks and diagonal
ones. To do that, right click and open the Properties Dialog, and check Grids > Show
Diagonal.




v

> Assign a cross peak to spatially approximate H-H pair (~5A or less): Click the
peak first, then the assigned H on F2. Mnova will popup an Assign Dialog for
you to choose the other H.

Assign NOESY peaks

> For small molecules, NOE cross peaks are usually negative in phase. Positive
one may be from J-couplings and should be ignored with caution.

| I .

6 11 46 7 12 13 914,15 il EH'H:I = 0.1 nm
Tbuprofen 13 L1 il I:H-D':I = 1.134 nm
4/8/2015
0
-] 91"'15 46,913, 14,15 _12’ I8 '13,.14,’315 1
- 13 . 7’9 - e ]
1,3, 13 14,15, 13 F2
— 12 1,3, 12 1 14,15, 12
| ) r3
77 46,7 f 9,7 L4
5
E ‘CH\?)
6 8 3
= 4513 " .?'i’ZéI,B, A8 s 13 7 6 Q-{[ o)
8
/ \ /; \ /10
9 CH.” 21 5 8
5 ST
m 2 \
11 13 2 /4 OH
2 UN T \' / 11
- 1 12 |—|3C‘_ 12> 3
13 14

4 13 12 11 1 9 8 7 6 5 4 3 2 1 0 A




Assignments table

> Click Assignment > Assignment Table to display the Assignment Table

> The check boxes can be used to turn on/off the display of individual correlations on the
structure

Assignments =

H W X i T ® B & A
Report Copy Delete Expand Collapse Hide Setup Deduce NOE ~

Atom Chemical Shift  Quality  Predicted Shift J NOE  COSY HSQC HMBC NOESY
v i1 C! 12888 129.12 1 V4, 6,12
H 7.00 0.71 V4,6 1 V|5, 12 V112, 13, 14, 15
2 C 139.46 141.62 V|4, 6,12
v 3cC 128.88 129.12 3 V|12
H 7.09 0.71 3 V|5, 12 12, 13, 14, 15
v 4C 127.02 127.66 4 v|7
H (7.19 0.71 V|1 4 v]1,2,7 CH
5C 138.41 142.54 v|1,3,7 "5 3
v 6 C 127.02 127.66 6 V|7 \
H 7.19 0.71 v[1 6 V1,27 [
vicC 4422 44.96 7 v|4,6,09 6" .7 /O
H 3.62 0.71 V]9 7 v4,5,6,8,9 .
§ C 17540 180.15 7.9 CH,’ 51/ Y
v 9cC 18.45 18.15 9 V|7 15 - { ‘
H3 134 0.71 V17 9 V17,8 i -
10 O 13 2 4
oo N, %H
H 1224 0.56 H;C» “12» 3
v 12 C 4416 45.12 12 V|1, 3, 14, 15 14
H2 2.41 0.71 v|[13 12 VvI(1,2, 3,13, IV T 5, T I
v 13 C 2955 29.81 13 V|12, 14, 15
H 1.80 0.25 V12, 14,15 13 V|14, 15 V1,3, 14, 15
v 14 C  22.09 22.41 14 V|12, 13, 15
H3 0.85 0.71 v]13 14 V|12, 13, 15 v11,3,12, 13
v 15 C 22.09 22.41 15 V|12, 13, 14
H3 0.85 0.71 v]13 15 V)12, 13, 14 v11,3,12, 13




Report assighments

. . [# * i A
> Choose Assignment > Report Assignments. I,ﬁ ,J'ia » ?z ‘;5
> Report the assignments on the spectrum or paste the ’ Manual Swap Deduce
Assignment  Assignm =| Assignments
table to another document Assignments
.CH
3 @ Setup Assignments Report ? X
| % T~ ‘: ~Options
CH R :1"/6\.5/:\’8/% /| Indude 13C and X-Nudlei Assignments
1 3, N / | | Indude 13C Multiplicity
( f’,;‘\ / L & 7] Tndude 1H Multiplicity
13‘.\.; ;/,2 /4 O /| Indude Number of protons
HSC\__,/"IZ\ -l_,./'3 11 Order by Chemical Shift
14 Report Mean Chemical Shift values
Indude Atom Type
Only Copy to Clipboard
No & u(Multiplicity, /) &c HSQC-EDTED HMBC CcOoSsY NOESY Bxport To File:
1 |7.00(d 7.9 Hz) 128.9 | 128.9(1) 44.2(12),128.9(1), 128.9(3), 138.4(5) 7.19(6) 0.85(14), 0.85(15), 1.80(13),2.41(12) ® Tt FTL
2 - 12305 - 241(12}}_19(5} - - Decimal Places For 1H: 27
3 17.00(d, 7.9 Hz) 128.9 128.9(3) 44.2(12),128.9(1), 128.9(2), 138.4(5) - 0.85(14), 0.25(15), 1.80(13),241(12) Decimal Places For13C and X-udlei: 15
4 |- 127.0 - - - [ v| 2D Correlations
5 |- 138.4 |- 1.34(9), 3.62(7),7.09(1), 7.09(3) - - F“r"‘at
§ |7.19(d 7.9 Hz) 127.0 | 127.0(8) 44.2(7), 127.0(4), 127.0(6),128.901), 128.9(3), 139.5(2) | 7.09(1) 1.34(9), 3.62(7) " * o Atom®
7 |362(q T1H) 442 |44.2(7) 127.0(4), 127.0(6), 138.4(5), 175.4(8) 1.34(9) 7.19(6) Drop Lines Without Correlation
g |- 1754 |- 1.34(9), 3.62(7) - - oK Cancel
9 |1.34(d 7.1Hz) 185 |18.5(9) 44.2(7),138.4(5), 175.4(8) 1.62(7) 7.19(6)
1 1224 (s) - - - - -
12 |2.41(d, 7.2 Hz) 442 |44.5012) 22 1(14), 22 1(15), 29.6(13),128.9(1), 128.9(3), 139.5(2) | 1.80(13) 7.09(1), 7.09(3)
13 |1.80(dp, 13.5,6.7Hz) | 29.6 | 29.6(13) 22.1(14),44.2(12) 0.85(14), 0.85(15),2.41(12) | 7.09(1), 7.09(3)
14 |0.85(d, 6.7 Hz) 221 |221(14) 29.6(13) 1.80013) 7.09(1), 7.09(3)
15 |0.85(d, 6.7 Hz) 221 |221(15) 29.6(13) 1.80(13) 7.09(1), 7.00(3)




M

> Choose Home > Insert Object, choose Create from File, and insert a PDF to

the document @

> A preview logo of the document is displayed.

Insert a PDF to the document

Insert
> Add a text box annotation to it Object
. . . Insert
> You can double click on the preview to open it
-
Insert Object X
-
(O Create New _ | | [ |
File: Cancel . .
(®)Create from File C:\Mestrelab\Projects\Marcomm\Lwteraturs| W A related pUbllcatlon - B
Browse... . . .
Result
. Inserls the conlents of the file as an object into — mg
e roh e i TEEEE \ B S ROPRAN JCUNTSL.
Sepprrg ke




Save the results

> Choose File > Export to PDF to save a PDF report of the page.

>

Chose File > Save as to save all the results to a .mnova file.

> Save all the results to a database (see steps later)

>

Now you can close the document or continue to add other spectra to it.

1.1
2.2
3.2
4.3
No &, iy, JynH) &
1 |7.09 7.9Hz 1H) 128.9()
dl 2 |- 139.5)
3 |7.09d 7.9Hz 1H) 128.96s)
4 |719(d 79Hz 1H) 127 0is)
5 |- 138.4(8)
6 |7.19(d, 78Hz 1H) 127.0(s)
6.5 7 |362(7.1Hz 1H) 44.2(s)
8 |- 175.4i8)
9 [1.34(d,7.1Hz 3H) 12.5(s)
11 1224 (5, 1H) -
12 |2.41 0, 7.2Hz 2H) 44.2(5)
13 |1.80 (dp, 13.56.7 Hz, 1H) | 29 6(s)
7.6 14 |0.85 (d, .7 Hz 3H) 224(8)
15 |0.85 (d, 6.7 Hz 3H) 216

128.5(1)

128.8@)
127.0(4)

127.08)
44.2(7)

18.5(9)

44.2012)
29.6(13)
22.1014)
22.1015)

J) HSQC-EDITED HMBC

CHy” =1+ 5
14

COsY

44.2(12),138.4(5) 7.19(4), 7.19(6)
44.2(12),138.4(5) -
442(7),128.9(1), 138.52) 7.08(1)
442(7),128.9(1) 138.52) 7.08(1)
18.5@),127.04), 127.08), 138.4(5), 175.48) 1.34@)
44207), 175.48) 3.6207)

22.1(14), 221(15), 29.6(13),1268(1), 128.5(3), 139.5(2)1.80(13)
22.1(14), 221(15) 0.85(14), 0.85(15),241(12)
22.1(15), 206(12)44.2012) 1.80013)
22.1(14), 286(13)44.2(12) 1.8013)

.pdf doc
R —

| .mnova doc
J-

\\\\\\\
@

NOE SY
0.85(14), 085(15), 1.80(13),2.41(12)

0.85(14), 085(15), 1.80(13},2.41(12)
1.34(8)3.62(7)

134[9)3.62(7)
1.34[),7.19(4), 7.19(6)

3.62(7)7.19(4), TA9(8)

0.35(14), )7.09(1),7.083)
0.85(14), 0.85(15),7.08(1), 7.08(3)
1.80(13), 241(12)7.09(1), 7.093)
1.80(13), 241(12),7.08(1), 7.09G)




More about peak assignment

> Manual assignment of 1D and 2D peaks is not only an effective
way to verify a proposed structure, but also a proven way to
learn to understand and analyze 1D and 2D NMR.

> Usually you start with the 1H, 13C and HSQC spectra, if T . ﬂ_
available, with the assistance of the predicted peaks or ranges — ~ Experiment
as a guidance. Then you extend the assighment to the other 2D e ssigment
spectra such as COSY and HMBC. While assigning COSY or Y B e S
HMBC peaks, conflicts with the previous assignments may be M cow 2ob o con.
discovered and hence corrections can be done. If the conflicts e DB
cannot be resolved, it may imply that the structure is wrong. . :Hmcm'gdlt( e
> There are a total of 4 datasets with 1D and 2D NMR spectra for st e o
practicing spectral processing, peak assighment that come with e R ot s
this tutorial: Ibuprofen, Brucine, Strychnine, and Estradiol, o oz
along with results of full assignments. You can use them for o ey
practice. & i i

Waters_UPLC-MS.raw
0 results

7 ibuprofen.mol
Strychnine 10 and 20 NMR for assignment

=10 1D-H-zg30

= n 1D-C-zgpg30
=12 2D-HH-COSY-co..
13 20-CH-H5QC-E...
s 20-CH-HMBC-h...
16 2D-NH-HMBC-h...
=19 20-CC-INADEQU...

01 Processed and assignment results.mnova
7 Strychnine.mol




Processing Arrayed Spectra for Reaction Monitoring
etc.

Data Browser g X
e QO+ -
Marne ~  Experiment
~ T Training Dataset :

T 1D and 2D peak assignment

0 1H NMR phase and baseline correction 1D-H-zg

77 Database Search

TOMS

Sample data + [ Reaction menitering
2 1D-H-zg30
01 10-H-zg30
E 1D-H-zg30
B 50 10-H-zg30
T 66 1D-H-zg30
\’ ez 10-H-zg30

& 98 10-H-zg30
=14 1D-H-zg30
& 130 10-H-zg30
T o146 1D-H-zg30
o182 10-H-zg30
178 1D-H-zg30
B] hydralysis - no analysis.mnova




Stack a few spectra

> QOpen the first 3 spectra from the Multiple 1H spectra folder in Data Browser

> The Stacked Ribbon is visible if you highlight multiple spectra in the Pages View

Molecule

Prediction Tools

Elucidation

NMR IMestReNova

Analysis  Assignments

Quantitation

Chen’s Tools

Y as Verification
n i
@ $id stack Options J\_j" A_'h' x _JL 1 © \( % E E‘ @
Stack Superimpose ed Auto Multipl lode Ir ! Reference yed
Items Items Alignment
Main Scale View NMR Tools
Full View
Pages +x |9) Document 5% * Data Browser
1. Multiple 1H spec =
Name
Multiple 1H spectra.34.fid 2400 % Demo Data
2300 v [ Training Data Sets
2200 T 1H_phase_baseline
2. Multiple 1H spec 2100 T Database Search
2000 T Ibuprofen NMR and LC-MS
1900 T ms
1800 v [0 Multiple 1H spectra
1700 2
5 1600 / 18
3. Multiple 1H spec / 34
& o 50
1300 i c6
1200 w82
1100 i a8
L1000 a 114
900 B 130
800 u 146
162
700 178
600 T Results
500 @ hydrolysis - no analysis.mnova
400
300
[200
100
-100
-200
6 15 14 13 12 11 10 7 6 1 -2 3 -4
f1 {ppm)

| [«
4l
=
» T DataAnal.. Assignm... Compou.

Experiment

1D-H-2g

1D-H-2g30
1D-H-zg30
1D-H-zg30
1D-H-2930
1D-H-zg30
1D-H-zg30
1D-H-zg930
1D-H-zg30
1D-H-zg30
1D-H-zg30
1D-H-zg30
1D-H-zg30

- Parame...

~ (D ® @ options »

OQ %+ =

Meodifi
2018...
2018. {:\in
2018.. [~]

2018... L “
2018..
2018...
2018.

2018...
2018...
2018...
2018..
2018...
2018,

2018...
2018..
2018.

2018...
2018..
2018.

2018...
2017..

Data Bro...
Licenses: (3 DB: &

4

0
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> You can use the Stack Items or Superimpose Items tools to stack or superimpose the A n
highlighted spectra in the Pages View, or: L

Stack a few spectra

> Drag the thumbnail of another spectra from the Pages View to the current spectrum

to stack them in desired way. Stack Superimpose

_ ltems ltems
> Continue to drag the 3™ spectrum to the stack. Note you can put the spectrum to the

top, middle or bottom, or to replace an existing spectrum in the stack.
> Try the different Stacking Mode, and other tools in the Stacked Ribbon

i
Multiple 1H spectra.2.fid 572400 Multiple 1H spectra. 18.fid
2, Maltiple 11

+2200

\\ - Spectrum #2 :
Drag to here ,.

f1600

F1400
F1200
[ JHultiple TH spectra 2.fid

t1000

v

Spectrum #1 :

t400

Spectrum #1 1

1 " |

k200

6 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3 -4 6 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3 -4

1 fanm) f1 fenmd




Stack many spectra

> Choose Tools > Loaded Scripts > Directory Spectra Stack, navigate to the directory
“Multiple H-1 Spectra” in the training dataset. Click OK to import and stack all of

them.
?
° Import Spectra Stack ’ X Multiple 1H spectra.178.fid
ri2
Data Folder: Ls by Chen/Training Data Sets/Multiple 1H spectrd |
Order: By Name . Multiple 1H spectra.162.fid
’ ri1
File Path Filtering |
. - — Multiple 1H spectra.146.fid
File Name Masks: fid *.fid *.jdx v F10
Folder Name Masks: - - !
Multiple 1H spectra.130.fid
Preview Files | r9
Spectral Data Filtering Multiple 1H spectra.114.fid s

Parameter Nucleus - =

Mulgiple 1H spectra.98.fid
Chunking I | 7

First Spectrum: 1 B Number of Chunks: 1 . Mulrple 1H spectra.82.fid
6
Chunk Size: 1 ~ Step to Next Chunk: 2 B | L
Multiple 1H spectra.66.fid
Visualization 5
| |
_— v . N . =
View: [ stacked Decimation Step: 1 . Multiple 1H spectra.50.fid
Palette: Default v A | l r4
Import Array Values Multiple 1H spectra.34.fid l 5
File: I I
Multiple 1H spectra.18.fid
Processing Template I “ r2
File: Multiple 1H spectra.2.fid
l k1
Backup | =

Folder: C:/Users/chenp/AppData/Local/Temp

16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 -1 -2 -3 -4
oK Cancel




Stacking mode and Stacked Iltems Table

> Choose Stacked > Mode to try different display modes. Choose Superimposed mode to make sure the f—
baseline and phasing is OK for all spectra. =
> Choose Stacked > Stacked Items Table to display the Table. You can manipulate the spectra in many Stacked
ways using the tools on this Table. ltems Table
> |If needed, you can reprocess all or selected spectra Stacked [tems =
) x 1l £
Report Copy Delete InvertOrder Setup
x + () & ﬂﬂ.
_k Multiply ™ Divide © Show ™ Select ~ Adjust Stacked Items
fultiple 1H spectra.2.id \Mod . Title < /G Ratio  Norm.Factor A (1*
e
500 12 gMultiple H spectra.178fid i 606100 1.00e400  1.00e+00  0.00
Active Spectrum 11 R []  0.00e+00 1.00e+00  1.00e+00  0.00
Stacked 2000 10 [ Multiple 1H spectra. 146.fid O 0.00e+00 1.00e+00  1.00e+00  0.00
B8 Whitewash Stacked g Multiple IHspectra130fid 5 5006100 1.00e400  1.00e+00  0.00
rm Superimposed - 1500 g [gMultiple 1H spectra.114.fid [  0.00e+00 1.00e+00  1.00e+00  0.00
(=] Bitmap 7 MRS [0  0.00e+00 1.00e+00  1.00e+00  0.00
‘ 1000 g [oMultiple 1H spectra.82.fid [0  0.00e+00 1.00e+00  1.00e+00  0.00
5 PSRN B [1  0.00e+00 1.00e+00  1.00e+00  0.00
300 4 [Multiple 1H spectra.50.fid O 0.00e+00 1.00e+00  1.00e+00  0.00
1 jh“{ . 3 [t ulipleifl specira.s4fid i ?_'gge 1.00e+00 1.00e+00  0.00
2 [Multiple 1H spectra.18.fid []  0.00e+00 1.00e+00  1.00e+00  0.00
60 58 56 54 52 50 48 46 44 42 40 38 36 34 32 30 28 26 24 22 20 18 16 14 12 10 1 [Multiple 1H spectra.2.fid O 0.00e+00 1.00e+00  1.00e+00  0.00 «
1 (ppm) K. N . '
Click and drag here \
to change the order
& Check/uncheck Check these to
these to show/hide choose spectra to

spectra change




Analyze arrayed spectra &

=
. _ , _ , Data
Choose Analysis > Data Analysis > Show Table to display the Data Analysis Table. Analvsi
, . T . nalysise
> Click on the Empty Graph to import the X values (reaction time in this case) and display an empty XY
graph.
1.0
os Data Analysis n
06 e R RN e =]
" 4] v /1O -/ 1l 1%
0.2 * U
0.0 O podel ARR_DATA(l)
01000 2000 3000 4000 5000 6000 7000 8000 9000 : 1 0
X 2 874
Multiple 1H spectra.178.fid l 12 3 1758
Multiple 1H spectra.162.fid l 11 4 2631
Multiple 1H spectra.146.fid | 10 5 3509
Multiple 1H spectra.130.fid | 9 6 4401
Multiple 1H spectra.114.fid ) ] 8 7 5299
Multiple 1H spectra.98.fid X l 7 8 6175
Multiple 1H spectra.82.fid 1 6 9 7049
Multiple 1H spectra.66.fid l 5 10 7922
Multiple 1H spectra.50.fid 1 4 11 8811
Multiple 1H spectra.34.fid i_l 3 12 9682
Multiple 1H spectra.18.fid L 1 2
A

r"lu\tiple 1H spectra.2.fid

Acq. Start: J04-04-3(JT21:03:34 Acq. End: 004-04-30T23:44:56

6.2 6.0 5.8 5.6 54 52 50 4.8 4.6 44 4.2 4.0 3.8 3.6 3.4 3.2 3.0 2.8 2.6 24 2.2 2.0 1.8 1.6 1.4 1.2 1.0 0.8 0.6
f1 (ppm)

Reaction time



Integrate arrayed spectra _ &

=
= Cli . - : : : : Data
Click the Pick Integral tool.* Click and drag on first (bottom) spectrum to define the integration range Analvsi
. . . nalysis,
> |f needed, adjust the handlers to change the integration range **
> The integrals are displayed on the XY graph and in the Data Analysis Table.
100000] * Data Analysis l n
80000 O~ B~ A~ X - =
. 60000- Y Inte(2.152.06) ~ ©- 4 %
40000+ X X() Y(X) Y'(X)
20000+ -
= Model ARR_DATA(I) Integral(2.151908,2.060646)
0
0 2000 4000 6000 8000 » 1 9 105516 0
X 2 874 70729.7 0
Multiple 1H spectra.178.fid ¢« o }‘ 12 3 1758 46690.9 0
Multiple 1H spectra.162.fid ﬁ”ﬁ. o o /’k 11 4 2631 30609.5 0
Multiple 1H spectra.146.fid A F10 g 3509 20265.9 0
Multiple 1H spectra.130.fid Jo e g 6 4401 133318 0
Multiple 1H spectra.114.fid _‘L_ g , 500 60> 9.7 o
Multiple 1H spectra.98.fid s * . j . L '
¥
Multiple 1H spectra.82.fid Jk le 8 o175 2940.79 0
- 9 7049 4107.49 0
Multiple 1H spectra.66.fid . o jL Ls
Multiple 1H spectra.50.fid e L4 10 7922 2923.28 0
Multiple 1H spectra.34.fid Ji ){L il R L3 11 8811 2159.99 0
Multiple 1H spectra.18.fid L, 12 9682 1664.88 0
A A
ltiple 1H ctra.2.fid
[1ule 1H specta 2§ tx e Hl Acq. Start: D04-04-30T21:03:34 Acqg. End: 004-04-30T23:44:56

2.60 2.55 2.50 245 2.40 235 2.30 2.25 2.20 2.15 2.10 2.05 2.00 1.95 1.90 1.85 1.80 1.75 1.70 1.65 1.60 1.55
f1 (ppm)

*Use Sum Method (default) for integration unless you are integrating overlapped peaks. Click Options for Integration Integrals
in the Analysis Ribbon to verify. ** You can increase the # of handlers by using the Edit Model Option Tool.



Fit XY to a function

=
: SN : Data
> C(lick the Model cell under Y’(X) in Data Analysis. .
) . _ . _ , Analysis,
> Choose the 3 function, and click Calculate to fit the XY values to a first order reaction
(with offset)
Double click here
o Y'-Column Model Function ? X
Data Analysis n Functions
D - 8- - X ' = Name Function Initialization Report Description
1 Linear Fit A+B*x A=0,B=0 Zero Order Reaction Rate
¥ (int=(2.15,2.06) _~ | (/|3 2 Mono-exponential Fit B*exp(-x*F) Exponential Decay, First Order Reaction Rate
X :
o XM Y(X) Y O: ! el 3 Three Parameter Exponential Fit B+F*exp(-x*G) Exponential Decay, First Order Reaction Rate With Offset
+ Model ARR_DATA(I) Integral(2.151908,2.060646) 4 Inverse Linear Fit 1/(A+B*x) A=1,B=0 Second Order Reaction Rate
1 0 105516 0 5
x
2 874 70729.7 0
B 1758 46690.9 0
4 2631 30609.5 0 Restore Defaults
5 3509 20265.9 0 Fitted Parameters
6 4401 13331.8 0
7 5299 8822.97 0 B= 312.388, F= 105518, G= 0.000471256
8 6175 5940.79 0 rError = 2.00941e-06, probnotmono = 0.958368
9 7049 4107.49 0
10 7922 2923.28 0 OK Cancel
11 8811 2159.99 0
12 9682 1664.88 0

Acq. Start: 004-04-30T21:03:34 Acg. End: 004-04-30T23:44:56



Report kinetic parameters

=

Data
Analysis,

> C(lick the Report tools from the Data Analysis Panel to report the results next to the XY Graph
> Choose Report to Clipboard and paste the results to another document
> Repeat these steps for the other peaks around 1.91 ppm.

Data Analysis n

100000 Y' = B+F*exp(-X*G) e [~ | A~ % B~ =
B=312.4; F=1.0556+5; G=0.0004713; g
800007 Error: 0.000002009 Y Inte(2.15,2.06) O+ %

. 60000 X X(0) Y(X) Y'(X)
40000 ©- , j B+F*exp(-x*G)
20000- : Model éARRﬁDATA(\)% Integral(2.151908,2.060646) iz ? :)25'53?88

o ' ] G= 0.000471256
0 2000 4000 6000 8000 1 0 105516 105831
X 2 874 70729.7 70208.4

Multiple 1H spectra.178.fid i e ¢ A 12 3 1758 46690.9 46394.2

Multiple 1H spectra.162.fid " N Ly & 2631 30602.5 30851.6

Multiple 1H spectra. 146 fid ‘ ‘ N 1o E 3508 20265.3 20503.6

— 6 4401 13331.8 13574.2

Multiple 1H spectra.130.fid + e o A Ly , 200 - 595829

Multiple 1H spectra.114.fid | | A\ ”8 - -

8 6175 5940.79 6060.56

lfiple LH spectra.28.id T s ® A 7 9 7049 410749 4120.01

Multiple 1H spectra.82.d A 6 10 7922 2923.28 2835.76

Multiple 1H spectra.66.fid + o o A L5 11 8811 2159.99 1972.11

Multiple 1H spectra.50.fid ) L4 12 9682 1664.88 1413.35

Multiple 1H spectra.34.fid o« 9 + N 3

Multiple 1H spectra.18.fid L Acq. Start: 2004-04-30T21:03:34  Acq. End: 2004-04-30T23:§#4:56

o Y
Multiple 1H spectra.2.fid .
n H
260 2.55 2.50 245 2.40 235 230 2.25 2.20 215 2.10 2.05 2.00 1.95 1.90 1.85 1.80 1.75 1.70 1.65 1.60 1.5 Fitting results
f1 (ppm)



More help information

> Use the Help Facility of Mnova: Help > Contents

> Visit www.mestrelab.com for manuals, tutorials, videos and publications

> Email support@mestrelab.com for technical questions
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Using GSD for multiplets analysis

Exploiting the power of GSD for an improved Multipl

By default Mnova uses Global Spectral Deconvolution (GS
picking and multiplet analysis.

Multiplet Analysis benefit directly from the exploitation of G
automatic analysis, with the enhanced peak picking capabilitie
automatic multiplicity identification and labeling.

Here you can see an example of a triplet which is hidden unde
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