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Getting the numbers right
How JASON helps you to quantify NMR measurements

Vadim Zorin, Peter Kiraly
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JASON is designed to streamline
NMR data processing, analysis
and reporting. It provides
efficient tools for specialists and
casual users alike, enabling them
to navigate complex NMR data
with ease. Additionally, JASON
boasts features such as chemical
drawing capabilities, accurate
NMR chemical shift predictions,
and seamless export options.
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Why gNMR?

*

Pros:
* Direct and Linear Response: the area of an NMR signal is directly proportional to the concentration of the
compound.

* High Precision and Low Uncertainty: When properly validated, gNMR offers high precision and accuracy.

* Unlike some other techniques, gNMR does not require identical reference materials.

* Applicable to Various Nuclides.

e Structural Information Content: NMR spectra provide rich qualitative information about the structure of
compounds, making gNMR valuable for both quantitative and qualitative analysis.

Cons:

* Sensitivity and Detection Limit: gNMR has low sensitivity compared to other analytical methods.
 Overlapping Resonances.

* Ensuring consistency and accuracy across different laboratories can be challenging.

Understanding of quantitation errors is essential!
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Noise , €rrors, bias... A simple math of propagation of errors:

‘ If we measure a non-linear function f(a,b) of two
variable a and b:

af N (afaf N
2 A g2 22 L L 4
RER +|0b % 7134 ab

. AN y

Low precision =  Low trueness =
Stochastic error Bias

e.g. standard deviation do to get the results — more error we introduce.

» Bias can be estimated ONLY if the true
value is known e But it's only strict if manipulations/measurements

are totally independent.

* Stochastic errors are easy to estimate, 0 «  More complex manipulations/measurements we
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What can we quantify in NMR?

*

Peak parameters (via peak modelling):

 Position
* Hight
« Width

* Shape parameter(s)
* Area (could be derived from the parameters above)

Direct (sum) integrals

Concentration, purity, etc. (derived from the parameters above)

All this quantities have intrinsic measurement errors!
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Peak detection and deconvolution in JASON

*

Two steps:
1. Hybrld peak detection:
Using derivative-based method and
\| VA . AN

Savitzky—Golay filter. Good for resolving
overlapping peaks

» Direct peak picking with multiple filter
options. It ensures broad and weak peaks
are detected

2. Peak model fitting:
* Non-linear fit for generalised Lorentzian W

or pseudo-Voigt lineshape models

* Robust to baseline distortions.
« A fast, peak-by-peak iterative method M I M “ )\ /L J LX

3. Used in further analysis:

* Automatic solvent signals detection R A - , |

. ﬁutomat!c mI\LIJ ||\J;|I Elet aln a!y5|s JASON detects, deconvolutes and wsualtses peaks,
tutomatlc . analysis peak models, fitting sum and residuals

* eftc
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Errors of peak parameters

Peaks Table
Pos (ppm) o-Pos (ppm) Height o-Height Width (Hz) o-Width (Hz) Kurtosis o-Kurtosis Area o-Area Type Label

8.521 4.34387e-06 4.72e+07 7.5543e+05 10.95 0.0091 1.69 0.0712 5.44e+07 1.4826e+06 compound

8.518 2.78858e-05 5.34e+07 6.2209e+05 1.08 0.0394 0.63 0.0493 8.27e+07 3.4947e+06 compound

8.333 4.73086e-05 3.01e+07 2.3301e+05 10.88 0.0450 0.48 0.0401 3.90e+07 2.0087e+06 compound

8.330 7.02014e-06 2.84e+07 2.8691e+05 0.88 0.0130 0.92 0.0427 3.43e+07 7.7595e+05 compound

8.321 9.56321e-06 3.13e+07 2.8039e+05 0.88 0.0162 0.76 0.0375 3.8%9e+07 9.4031e+05 compound

8.317 9.02826e-06 3.10e+07 2.9742e+05 0.87 0.0157 0.80 0.0403 3.77e+07 9.2871e+05 compound

8.012 4.12366e-06 5.69e+07 4.2747e+05 1.03 0.0081 1.13 0.0321 7.80e+07 1.1368e+06 compound

8.000 3.55510e-06 5.21e+07 4.3531e+05 1.00 0.0072 1.29 0.0363 6.78e+07 1.0328e+06 compound

3.931 3.81236e-06 3.29e+08 7.3576e+05 1.02 0.0059 0.69 0.0091 4.77e+08 3.3572e+06 compound

3.293 2.26107e-05 3.00e+08 1.2045e+06 133 0.0250 0.54 0.0178 5.81e+08 1.1561e+07 compound

2.516 8.95946e-06 3.91e+07 5.9816e+05 1.13 0.0177 1.15 0.0654 5.88e+07 1.7273e+06 NMR solvent  |dmso-d6
2.513 1.91331e-05 8.88e+07 4.7254e+05 1.20 0.0487 0.36 0.0334 1.59e+08 5.9869e+06 NMR solvent  |dmso-d6
2.510 1.52004e-06 1.45e+08 4.5669e+05 1.29 0.0040 0.33 0.0356 3.06e+08 1.1280e+06 NMR solvent |dmso-d6
2.508 4.84824e-06 9.75e+07 5.4215e+05 1.24 0.0141 0.04 0.0246 1.89e+08 1.9304e+06 NMR solvent |dmso-d6
2.505 8.44642e-06 3.86e+07 6.3139e+05 1.08 0.0169 1.20 0.0702 5.48e+07 1.6839e+06 NMR solvent  |dmso-d6

JASON routinely reports error estimates for peak parameters using Peak Table

Error estimates

as shown on a screenshot

JEOL JASON e« JEOL House, 1-2 Silvercourt, Watchmead, Welwyn Garden City, Herts., AL7 1LT

JASON estimates the errors for all

peak parameters.

The errors are generated when
non-linear fit is converged.

Calculation is based on
Information Matrix.

[
»

least-square deviation

Fisher

Large error

optimized parameters

A simplified representation of error

estimates (n non-linear fitting
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Can we make peak deconvolution better?

* |s time-domain better than frequency

domain deconvolution? Unitary operations should not

change information contents

. : . lossless transforms). But data is
» Should we fit both, real and imaginary gifferent )

parts of the spectra?

. Could be “lossy” transformations
 Would resolution or, in opposite, adding

enhancement/apodization/etc. help? :Q;E;Q:Egzt'rsutsft‘:belga

 Avoid peak deconvolution? For A form of resolution |
le: ref d lution? enhancement. Adds information
example: retference deconvolution: that all shapes in spectrum are
identical
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Reference deconvolution: satellites

L) \/ i
without Reference deconvolution /\
reference deconvolution

Reference

Position: 0.00000 ppm

U Width: 100.00 Hz
_/J u L N ) L N Shift: 0.000 Hz

Lorentz width: 0.400 Hz

with reference deconvolution _
without 29Si satellites Gauss width: 10.600 Hz

4 4 ) 4> 4>

Use satellites

Nuclides 1

7 |
- ‘/J U \—h—é D gz _J L s Show #1 ==
‘ > — " cao

. . |
with reference deconvolution | L

4

with 29Si satellites Abundance: 4670 % -
{ 2_/1 H ‘29S| IsotopShift: 0.000000 ppm =
l f > ; 1
I 1 B | 013 Satellites inside the reference region
L hE JT P . .
: : needs to be included in model|,

vvvvvvvvvvvvvv

oo e e e = S otherwise artefacts appear on all
‘width: 160 Hz other peaks (see middle trace)
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Reference deconvolution: spin sidebands and resolution boost

without

reference deconvolution

Included the spin sidebands in
model, defined as a satellite

J b [] Reference deconvolution A doublet (See middle trace).
Reference . . .
This retains them in the
b SN A\ Position: 0.00000 ppm
with reference deconvolution e o000t corrected SpeCtrum' >€€ CHC|3
with 29Si satellites o ;°'°°° i solvent peak on the left
with spin sideband rorentz fw " R
Gauss width: ’0.600 Hz
] Use satellites COﬂClUSiOn: if any impurity
Nucides 2 peak or satellite appears in
%\W 1 stows2 [ I reference region, they needs
'\r\(‘ "Iy 30.000 Hz . .
@ J\J J\ " P e : to be included in the reference
< . > with reference deconvolution | " 0000000 ppm 3 model. Spin sidebands are the
30 Hz (spin = 15Hz) with 2°Si satellites same in all signals so they can
........................................................................... Sl be removed, but not in solids
Reference . .
J : i [r— spectra where their relative
< TH-29SI 1_/ Wt 000k intensity is not the same at all
- Shift: 0.000 Hz
/\/\\V\/\r\ V\x\\/\\/\ E 1 H_1 3C Lorentz width: 0.400 Hz peaks
. - < Gauss width: 0.600 Hz
- > Bl For the same reason,
R - R Nucldes ; temperature variation induced
724 720 016 =0.12 0.08 0.04 0.00 004 -008 0.12 S/ ppm shaw'+1 S ‘ distortions can’'t be corrected
"Jxn 6.600 Hz . .
| using reference deconvolution
® Abundance: ‘4.670 %
Wldth: 1 00 HZ IsotopShift: ‘O‘OOOOOO ppm
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Reference deconvolution: DOSY gradient array

Selected region shows two signals with experimental with reference deconvolution

errors distorting the decay. Correctable by using a
reference peak (TMS)
sample: quinine + camphor + geraniol mixture

without reference deconvolution

JMUuUuubuJ\JLxJJJLJLJLJLJL__L IS FRT) P [ [ o

|l I | T L T ] ) L] T L] L] L] T 1 Ll Ll |l ] |l
10.00 16.79 20.64 23.55 25.94 28.01 29.84 3149 33.01 3442 3573 36.97 38.14 39.25 40.31 41.32 42,29 43.23 4413 G/G/em

‘ |
JJUUuoudeJuJ ﬁLWLKL;LﬁL,LﬁbﬁuﬂdﬁuﬁJﬁdf

1 I T T Ll Ll ] T T T L] L] ] 1 T Ll Ll T T T
10.00 16.79 20.64 23.55 2594 28.01 29.84 3149 33.01 3442 3573 36.97 38.14 39.25 40.31 41.32 42,29 43.23 4413 G/ G/em
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Reference deconvolution: DOSY from all points

refDeconv-DOSYbyPoints_JASON-4.0r7059.jjh5 - JASON

[] sum traces v

TIT w— L I8 Using all points in DOSY highlights

i ; F:"r:c‘t’)iu:w v ) without reference deconvolutior;:m CO WsequenCeS Of experimental

b, S 4~ " imperfections

1 Do S t - Spread of signals across the diffusion
|E=—L % \\ - (vertical) domain is much less when
{ | s oo, reference deconvolution was utilized

First trace=2, Traces to sum=1, Direction=rows "Q * W

. |\~ toimprove data quality before fitting

£ | Points kept=800, Left shift=28000
F; (indirect) dimension: D/ mifs f

n o )
£ | & vosy A with reference deconvolution .- or DOSY
[}
£
g Basicmode ~ |

Use all points v

Feax10™®
Lowest D 4.0e-10 %
Highest D 0.12e-8 ® [7.2x10 10‘

Digitisation 1024

Faax10"°

l- 1
0000000

— - - w Note: high enough digitization is needed to visualize such DOSY plots
- without distortions in the horizontal projection.
Just for demonstration, in practice we don't use this type of plots in real
Full processing v | Apply l; At 0 o0 200 <o -“‘;" 20 220 530 s34 sz /oom a app||cat|ons
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Reference deconvolution: DOSY from peak heights

E refDeconv- DOSYbyPeaks_JASON-4.0r7059.jjh5 - JASON
. 5 Processing & X ’r.l . . .
AT - | When using peak heights in DOSY
B % F; (direct) dimension: ‘ /\/\\1 = \\‘ e
€, Avodiaton X without reference deconvolution |..- . : :
P3| cowsaci _ . Individual lines of multiplets may not appear
& Times=2 ’ f M . M M
— |— - - at the same diffusion coefficient. Their spread

Clip, FT Centre Zero, Hardware phase correction, ...

*BE

cessing View  Obje

can be greater than what fitting error
suggests for uncertainty

Phase v
Ph0=70.7051°, Ph1=-10.6473°

0000000000

- 10
Drift Correction v R
Calculate automaticall
” g ° q
Peak Referencing v D &
(‘\ @ 11111111

Region begin (ppm)=-0.2, Region end (ppm)=0.2,...

T e— 5 | " Reference deconvolution improves

Y Pos[tionzOppm, Width=100Hz, Shift=0Hz, Lorent... . o (o
s - A M Il T sign Ifi Cd ﬂtly
First trace=2, Traces to sum=1, Direction=rows ’_0 g U‘ * . .
= 1 Align of peaks is much better, and also for the
£ Points kept=800, Left shift=28000

vt dmnsion | -~ singlet the sharper appearance of the signal

M= [A with reference deconvolution ] ] ) o
| . along the diffusion (vertical) axis is due to the
V , -~ improved fitting.

Digitisation 1024

Linewidth along the NMR domain (horizontal)
reflects the use of apodization

H .12 0 .08 . .0 .02
Full processing v Apply | & = = = = e

JEOL JASON e« JEOL House, 1-2 Silvercourt, Watchmead, Welwyn Garden City, Herts., AL7 1LT Sra—— | — u | I : s



Direct (sum) integration vs peak areas

*

Peak areas =
| peak areas : : :
P Straightforward and simple Require a well-performed peak
deconvolution analysis
Depends on the region. Changing Analytical equations for peak areas are
region changes the value — the larger used, so no regions required — only the
region increases the integrals as the peaks should be selected. Peak areas
“wings” contribution is accounted for could be a bit larger than the sum
integrals
Affected by the baseline distortions As peak models are compensated for
w m om om o m m om o w m ma ei the baseline offset, their areas can be

estimated without the baseline effect

Affected by peak overlaps Peaks in overlaps are separated and
Direct sum = their area estimated individually
Sum of the spectral If properly performed, can have high Accuracy is affected by the quality of
points accuracy (of ca. 0.5%) for the values the model (how good are the

estimates residuals). Usually worse than sum

integrals — around 1-2%

JEOL JASON e« JEOL House, 1-2 Silvercourt, Watchmead, Welwyn Garden City, Herts., AL7 1LT Solutions for Innovation | JEOL : i 14



Direct integration errors
Direct integration error can be

‘ C:/Us:ers/zorianDocuments/NMR Spectra/Ethylindanone/Ethylindanone_Proton-13-1.jdf
i estimated by the error propagation

H rule from the error (noise) of each
JJL JdU;MM .JJHMI J L; SpeCtral pOint:

- i - H F—— —1 T { F—— H
(=) — (=) — o — — — — o — w [=)
~J (=) [te) =) o ) ) o " = ) - o
oo (= p ra i w wl ~J W (o] R — %]
rJ (] — — - (8] wl (=] LV] oo — o rJ

Jf...”' R— /]
[ 11 T T 1T I

T T 4 T 4 T 4 T 4 T T T T 4 T 4 T 4 T 4 T 4 T 4 T T T T 4 T T T v T T T '” v T T T 'll’ — ° 2 —
76 74 34 3.2 2.8 26 2.0 1.8 1.6 14 ! 51H/F’P“"{ O-integral - V n O- - O-\/n

Integrals Table from #5

Pos (ppm) Start (ppm) End (ppm) Normalised Sum Integral o Sum Integral .
7.734 7.713 7.754 0.782 2.68e+04 9.14 Where 0O — SpeCtral ﬂOISG, n —
7.566 7.536 7.596 1.000 3.43¢+04 11.09 . . .
7.446 7.424 7.467 0.941 323e+04 9.39 num ber Of pOI nts N the Integ ral
7.344 7.317 7372 1.021 3.50e+04 10.60
7.248 7.242 7.254 0.047 1605.47 5.05
3.304 3.261 3.348 1.236 4.24e+04 13.32 ESt|mateS On Iy StOChaStIC erro r.
2.809 2.770 2.847 1.233 4.23e+04 12.56 . . . .
2603 2563 2603 070 s 6res0s 1279 Biases: baseline distortion,
1.970 1918 2.021 1.193 4.09e+04 14.45 . . . .
1.833 1.748 1918 0.198 6795.93 18.59 Overlapplﬂg ImpU rltleS, phase errOr,
1525 1.460 1591 1.241 4.25¢+04 16.29 . o o .
insufficient region
1.133 1127 1139 0.027 910.09 5.16
0.994 0.962 1.025 3.715 1.27e+05 11.39
0.898 0.890 0.907 0.022 758.62 5.99

Error estimates
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Excluding impurities
| - R For each integral an incorporated integral
o - aease ., | of the specified type (e.g. contaminants)

. can be excluded (chromatographic
e . Integration):

Y

Integral / Multiplet Properties X

—3613

Absolute: 36689.37201

Normalised: 1.06984

- e — .+ Could be less precise and depends on
Exclude: Pce]ato?nif;nd v | Integral Types: v baseline Setting

Number of Nuclei contaminant
(] NMR solvent

In integral/spectrur i /13 '3
IR (] reacti...olvent —— <
Range () 13C satellite
(] sideband
Horizontal (ppm): 264312 T - 256303
Integral Offset & Slope
() Auto baseline
Upper: 3 pts - Lower 3pts
Offset: 0.00000 > Slope: 0.00

¥000'L

Local adjustments: Identifier Default Identifier : H

OK Cancel

For each integral a peak areas of the
specified type (e.g. contaminants) can be
excluded:

—
a
i
o

* Requires good peak deconvolution

Fvrhiidec intearal tvnec rantaminant
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gNMR with SMILEQ

Paraben example.jjh5 - JASON
" ﬁ C
w X &
8 % SIS 2 ‘C:IU dayi/Desktop/Data for Demo/SMILEQ/Internal standard/butylparaben_Proton_gNMR-33-1.jdf A4 Name Value S I I I —
* p butylparaben I
B i w B & & l-5.00x10% [Parameters] |
< - Analysis Mode :  Internal Standard Analyte
> E Analyte Details 0'0275(’) J:3.29Hz -7.00)(104 Name : butylparaben
Y butylparab 0
ame utylparaben Molar Mass :  194.23 g/mol
= g Molar Mass (g/mol) 194.23 /91\ 0/4.32\ /.4& _6_00x104 Weight : 91.1133 mg
a 6 17 CHs
a § Mass (mg) 91.1133 Volume (mL) E )T\ 0.56 Volume : 18 mL
& . 791
& Reference Details HO 6.9? F5.00x10% | | Reference
w 832
K |8 Name Name: DSS#1DSS .
= _ \ _ Set Your Sample Select Analytical
<< Reference Filter F4.00x10 Purity : 92.2 %
[ burity (e} 922 ) 0.739(r) Molar Mass : 224.36 g/mol Method
g H
8| Molar Mass (g/mol) 224.36 F3.00x10% Weight - 18.2033 mg P
& Mass (mg) 18.2033 Volume (mL) 18 4.021(t) J:6.55(2)Hz Volume : 18 mL
. H
o Molarity mmol/l) 41558811 r-_“ﬁ’g(m) E;?O(m) F2.00x10% Molarity : 4.16 mmol/lL -y Input
é Target Signal Table 4 gfg - Calculation Options 1 q N M R Sample wEight
Calc | Pos (;pm) Start (ppm) | End (ppm) | # Nu _1.00x104 Method : Sum
a 0.739 0.675 0.798 Delta Method :  Prescribed Sea m I ess
] 1.243 1170 1328 p = e b H 0.00 Purity
] 1493 1389 1570 b g 2 é ;é % é Averago: 91.11 %
= = = ©on N - _-1.00x‘104 SD: 341 %
[ -] 4.021 3.891 4187 ‘
T T T T T T T T T T
S / ppm RSD: 3.74 %
e 6.690 6676 7.006 P 12.0 10.5 9.0 7.5 6.0 4.5- 3.0 1.5 0.0 1+ /PP
Molarity
- o a0 02E Pos (ppm) | Start (ppm) | End (ppm) | Sum Integral | Peaks Area | # Nuclei | Purity (%) | Molarity (mmol/L)
Estimate £Nuclei Average : 23.74 mmol/L
0.74 0.67 0.80 91318.76 102765.79 3 92.35 24.07
. . SD: 0.89 mmollL
Calculation Options 1.24 1.17 1.33 61100.79 41974.26 2 92.69 24.16
RSD: 3.74% H
Method S Peak:
ethe e Oz 1.49 1.39 157 6092012 | 44235.12 2 92.42 24.08 Sm | I.BO
Decimal Pl 2 s -
ecimal Haces 402 3.89 419 6099372 | 67802.27 2 9253 24.11
Update 6.69 6.68 7.01 55478.69 57302.43 2 84.16 21.93 Quantitative
7.67 7.55 7.94 60981.98 56981.29 2 92.51 2411 Calculation
Report Creation
- '| : + @ & 114%
L

* Internal or External standard methods o
 PULCON and SOLCOR corrections .

* Report generation

» Batch mode for multiple repetitions

ISO 24583 compliant uncertainty reporting
Seamless integration with Delta

JEOL JASON o

JEOL House, 1-2 Silvercourt, Watchmead, Welwyn Garden City, Herts., AL7 1LT
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*

Out of the scope: what we didn't discuss

JASON has a lot to offer!

Power NMR processing engine

Automated analysis

Easy reporting

Processing, analysis and layout “Rules” to get NMR analysis
and report done as soon as you open a spectrum

Chemical shift prediction, manual and automatic assignment
Charts and fitting (relaxation, DOSY, reaction monitoring and
beyond)

DOSY and ROSY plots and analysis

Open architecture for easy integration with external scientific
tools

BeautifulJASON: a powerful automation in Python
Extendable plugin architecture

MAGRES: a plugin for NMR crystallography

Affordable!

JEOL JASON e« JEOL House, 1-2 Silvercourt, Watchmead, Welwyn Garden City, Herts., AL7 1LT

Try it yourself:

https.//jeoljason.com

@Vok) ® | 5 tome-roLmsON

< c i Ak D@ b ® - D

@ httpsy/ w jeoljason.com
JEOL i ‘ Q Jason NMR Software  NMR Subscriptions ~ Events NMRBlog  Support & FAQs Download JASON

Analytical software to optimize the results
from your NMR laboratory

Al I”|I|nl|||l ||||| I

: o
il &
Navigation Tools Control Reports

Visually control and connect

ssssssssssssssssss
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