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Qualification for NMR operation

1. NMR self-user training
1) Theory class (Sun-Phil Han, 4174)
2) Operation class (Sun-Phil Han, 4174)  

2. Practice NMR yourself
- Exercise operation with self-user over 3 times
or request to manager by e-mail 

3. Attend the NMR test 
- Request for self-user test by e-mail 
- The manager reserves a test time on UNIST portal.
- Test time : 30min
- Explain about NMR principle (2 ~ 3 questions)
- Acquire NMR data by using Bruker automation system(Icon-NMR)
- You have to get a self-user in one month



2. Basic principles



Atom



Ampere`s law

Ampere`s lawMagnetic moment



Zeeman effect



Magnetic moment



Energy states splitting (B0)

B0

External m
agnetic field

I=1/2

M=+1/2

( α state )

M=-1/2

( β state )

Parallel of B0

Anti-parallel of B0



Electromagnetic spectrum



Spectroscopy

Spectroscopy NMR

Absorption Ground state
Lowest energy state

Excited state
Highest energy state

Emission



I (Nuclear spin quantum number)

0, 2, 4, 6 
…

1, 3, 5, 7 
…



I (Nuclear spin quantum number)

Proton Neutron

12C 13C
I = 0 I = 1/2

Proton Neutron

+2𝒆

𝟑
-e/3 

+2𝒆

𝟑

Charge = +e
Spin = 1/2

Proton

-e/3 -e/3 

+2𝒆

𝟑

Charge = 0
Spin = 1/2

Neutron



I (Nuclear spin quantum number)

Proton Neutron

6Li 7Li
I = 1 I = 3/2

Proton Neutron

Proton Neutron

10B
I = 3

Proton Neutron

11B
I = 3/2



I (Nuclear spin quantum number)

I = 1/2 I > 1/2

+
+

+

- +

+
-

-

-

Nuclear charge distribution

Electrical field gradient

I=1/2 I=1 I=3/2

<2nI+1 rule>



MZ (Net magnetization) 

NMR

Ground state
Lowest energy state

Excited state
Highest energy state

MZ (Net magnetization)



Energy term

௠ ଴

௠ = Energy of quantum state m (J)
= Gyromagnetic ratio ( ିଵ ିଵ

= Planck`s constant (6.628 ିଷସ

଴ = Applied magnetic field (2.35 T = 100MHz)
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Boltzmann distribution
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Factors of sensitivity

ఉ
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ି(
ఊ௛஻బ
ଶగ௞்

)

To enhance sensitivity

0 T

100 MHz = 2.35 T

X 32

X 300

L-N2 (77K) -> S/N ratio = 2~3 times
L-He (4K) -> S/N ratio = 4 time



S/N (Signal to Noise) ratio

X 2
X 4

1. 핵의 개수에 비례(몰수, 몰농도에 비례)

2. 비교자기장/기존자기장의 3/2 제곱만큼 감도 상승

3. 스캔수의 ½ 제곱

S/N ratioଷ/ଶ

ଷ/ଶ

ଷ/ଶ

Time

0

600 MHz + Cryo(N2) = 950 MHz



Summary

No magnetic field (B0) Spins in magnetic field (B0)

Mz



3. Pulse sequence



Laboratory & Rotating frame

<Laboratory frame> <Rotating frame>

http://chem.ch.huji.ac.il/nmr/techniques/1d/pulseq.htm



Laboratory & Rotating frame



One pulse

Basic 1D NMR

(Hz)

Fourier Transformation


t1

Delay
time

FID

 : pulse width(s)
 : pulse phase

G(t1)           g(f1)G(t1)           g(f1)
FT D1 (Relaxation delay time)

P1 (Pulse width)
PLW1 (Power level)

AQ (Acquisition time)

Parameter

(Free Induction Decay)



Excitation

Receiver coil

Oscillator coil (B1)

MZ



Relaxation



Relaxation

http://www.youtube.com/watch?v=ZHtfnNAz-UM&list=PL40F1EE0DF59D777A
http://www.youtube.com/watch?v=LvyADhrgc_s&list=PL40F1EE0DF59D777A

T1 relaxation (recovery)
- longitudinal relaxation
- spin-lattice relaxation

T2 relaxation (decay)
- transverse relaxation
- spin-spin relaxation



FID (Free Induction Decay)

https://www.youtube.com/watch?v=lKp67IqQjH4&index=1&list=PL40F1EE0DF59D777A



Pulse width (pw) 90°



Data acquisition process

(Hz)

FT


Delay

time

FID

(Hz)

FT


Delay

time

FID

(Hz)

FT


Delay

time

FID

(Hz)

FT


Delay

time

FID

For example, number of scan = 4

Scan = 1 Scan = 1 Scan = 1 Scan = 1

Stacking

Scan = 4



D1 (Recycle delay time for Quantitative NMR)


Delay

time

FID


Delay

time

FID

T1 relaxation time

63 % M0
T1 * 3 - 5 

AQ + D1 

T1 = 3 s
AQ + D1 = T1 * 5
AQ + D1 = 15 s for 90
AQ + D1 =   5 s for 30 [1/3]
(Low angle = short experiment time)

AQ + D1 = T1 * 1.3  (Maximum S/N ratio)
= T1 * 3     (Integration accuracy = 90 %)
= T1 * 5     (Integration accuracy = 99 %)
= T1 * 7     (Integration accuracy = 99.9 %)



Parameter calibration

1. Find P1 (for 90 , maximum intensity)

1) Find P1 for 180 (zero intensity)
2) ½ (P1 for 180 = P1 for 90 

2. Find D1
1) AQ + D1 = T1 * 3 ~ 5
2) Measure T1 relaxation time

a. t1ir1d (Find D7null, short exp.)
b. t1ir (Find T1, long exp.)

T1 * ln(2) = D7null
T1 = D7null * 1.443

3. Find AQ
1) AQ = FID * 2 – 3

= dwell time * complex point



T2 relaxation

http://chem.ch.huji.ac.il/nmr/techniques/1d/pulseq.htm

T2

T2*



T2* relaxation time (T2 in rotating frame)



Tumbling rate vs Magnetic field

Dark

BrightBright

Dark



COSY (Correlation SpectroscopY)

𝟐𝝅𝒗𝒕𝟏

𝑴𝒄𝒐𝒔𝟐𝝅𝒗𝒕𝟏𝑴𝒔𝒊𝒏𝟐𝝅𝒗𝒕𝟏

𝝅/2 𝝅/2 (90°)

𝝅/2 𝒕𝟏 𝝅/2

𝒕𝟏

<Pulse sequence of COSY>

<Vector of 2D NMR>

EvolutionPreparation Acquisition

𝒕𝟐

`
ft

𝒕𝟏 𝒕𝟐

ft
Contour 

MAP

F2

F1
𝒕𝟏

F2

𝒕𝟐 -> F2 𝒕𝟏 -> F1

<Example of 2D NMR >

F1

F2

𝑴0

𝑴

𝑴= 𝑴0e
− t1/T2



Correlation in 2D NMR

Protein dynamics elucidated by NMR technique, 2013

J2HH ~  J3HH

X X

HH

H

X X X

HH

X X

HH

X X

HH

X X

HH

Scalar coupling
(J Coupling)

J2HH ~ J5HH

J1HX

J2HX ~  J3HX

J1XX

1H-1H COSY

1H-1H TOCSY

1H-X HMBC

X-X COSY
X-X INADEQUATE
H-X-X-H
AQDEQUATE

Dipolar coupling

X X

HH

Distance = 3 ~ 5 Å

1H-1H NOESY
1H-1H ROESY

X X

HH
2D HOESY

SpaceBonding

NOESY = Small, Large molecules (along T1)
ROESY = Middle molecules (along T2)

Small  <  700 Da  <  Middle  <  1.2 kDa <  Large

DOSY (Diffusion)

T1 (Inversion recovery)
T2 (CPMG)

Motion

Tumbling

Self-Diffusion

1H-X HSQC
1H-X HMQC
X->1H HETCOR



Correlation in 2D NMR

A B

Exchange (EXSY)
NOE (NOESY/ROESY)
Diffusion (DOSY)
T1, T2 (Inversion recovery, CPMG)

Self diffusion

NOE

T1, T2 relaxation
(Molecular tumbling rate)Exchange

Protein dynamics elucidated by NMR technique, 2013



C13 with or without 1H Decoupling

zggd (+NOE, -DEC)zg (-NOE, -DEC)

Ch2(obs): C13

Ch1(dec): H1

Ch2(obs): C13

Ch1(dec): H1
DEC (CPD)

zgdc (+NOE, +DEC)

zgpg (+NOE, +DEC_Intensity) zgig (-NOE, +DEC, Integration)

zgcw (-NOE, +DEC_CW)

C13CPD C13IG

Ch2(obs): C13

Ch1(dec): H1
DEC (CPD)

Ch2(obs): C13

Ch1(dec): H1
DEC (CW)

Ch2(obs): C13

Ch1(dec): H1
DEC (CPD)

Ch2(obs): C13

Ch1(dec): H1
DEC (CPD)Low power +NOE

Less heating

+NOE

NOE
(Signal enhancement)

MAX

NOE
(Signal enhancement)

MAX

D1 = 2 s



NOE (Nuclear Overhauser Effect)

W (Transition Probability)

W0 = Zero quantum
W1 = Single quantum
W2 = Double quantum

W1L = 1H transition
W1S = 13C transition

N = Total Nucleus
∆ = Population

Cα
Cβ

Hα
Hβ

𝑁𝑂𝐸 = 1 +
1

2
∗ (

𝑟𝐻

𝑟𝐶

)

𝑁𝑂𝐸 = 1 + 1.998

𝑁𝑂𝐸 = 3 (Maximum enhancement)

Hetero NOE  (1H-13C)

𝑁𝑂𝐸 = 1 +
1

2
∗

𝑊2 − 𝑊0

2𝑤1 + 𝑤2 + 𝑤0

∗ (
𝑟𝐻

𝑟𝐶

) 

CHα

CαHα

CαHβ

CβHα

CαHβ

CβHβ

N/4 + NOE

N/4 - NOE

N/4 + ∆ + NOE

N/4 - ∆ - NOEDipolar coupling

Total longitudinal dipolar relaxation rate

Cross-relaxation rate



4. Chemical shift



Electron density

http://web.mit.edu/speclab/www/PDF/DCIF-IntroNMRpart1-theory-o07.pdf



Electron density

Tetramethylsilane



× 106δ(ppm) =
ν − ν ref

ν ref

Chemical shift



Chemical shift



• More electronegative atoms
deshield more and give larger
shift values.

• Effect decreases with
distance.

• Additional electronegative
atoms cause increase in 
chemical shift.

1H chemical shift



1H chemical shift



Aromatic proton
 7-8

Vinyl proton
 5-6

Acetylenic proton
 2

1H chemical shift



Spin-Spin (J) coupling



Peak splits by J-coupling Pascal’s triangle

n: number of equivalent neighboring nuclear

n n+1 Intensity ratio Multiplicity

0 1 1 Singlet

1 2 1 1 Doublet

2 3 1 2 1 Triplet

3 4 1 3 3 1 Quartet

4 5 1 4 6 4 1 Quintet

5 6 1 5 10 10 5 1 Sextet

Spin-Spin (J) coupling – N+1 rule



2nI+1 rule

N = Number of neighbor nuclear
I = Nuclear spin quantum number

H(Proton): I=1/2
D(Deuterium): I=1

2nI+1 rule

2JHD : 2 * 2 * 1 + 1 = 5 (Quintet)
2JHH : 2 * 2 * 1/2 + 1 = 3 (Triplet)

Coupling constant 
2JHD = Hz

H

ex) DMSO-D6 <-> DMSO-D5+H1 <-> DMSO-H6
None                 Quintet                 Triplet



Spin-Spin (J) coupling – Ethyl acetate



NMR Information

<Data>
1. Chemical shift (shielding/deshielding)

2. Spin-Spin coupling

3. Peak integral

4. Relaxation

5. Diffusion coefficient

<Application>
1. Qualitative/Quantitative

2. Structure assign

3. Dynamics/Kinetics

4. Purification

<Industry>
1. Organic chemistry

2. Metabolomics

3. Drug development

4. QC/QA

5. Polymer



5. Tuning & Matching

Lock & Shim



Matching is the process of adjusting the impedance of the 
resonant circuit until it corresponds with the impedance of the 
transmission line connected to it. This impedance is 50Ω;. 
Correct matching minimizes the power that is transmitted to the 
coil

Tuning is the process of adjusting this frequency until it 
coincides with the frequency of the pulses transmitted to the 
circuit. For example, the frequency at which the 1H resonant 
circuit is most sensitive must be set to the carrier frequency 
of the 1H pulses.

Tuning & Matching

Wobble signal

4
00

 M
H

z

1
00

 M
H

z



Tuning & Matching



Tuning & Matching

5mm DB auto-X probe (Varian 600) [Tune & Match range = 31P (40%) ~ 15N (10%)]
5mm BBO Probe (Bruker 400) [Tune & Match range = 31P (40%) ~ 15N (10%)]
-> 31P(40%), 13C (25%), 15N(10%), 35Cl(9.7%) 

Smart probe or I-probe [Tune & Match range = 31P (40%) ~ 109Ag (4.65%)]
-> 31P(40%), 13C (25%), 15N(10%), 35Cl(9.7%), 33S (7.6%), 14N(7.2%), 25Mg(6.1%), 109Ag (4.65%)

https://kodu.ut.ee/~laurit/AK2/NMR_tables_Bruker2012.pdf

1H
(100%)

15N
(10%)

31P
(40%)

27Al
(26%)

7Li
(38%)

13C
(25%)

35Cl
(9.7%)

109Ag
(4.65%)

25Mg
(6.1%)

33S
(7.6%)



NMR Frequency table





Locking & Shimming

Locking B0

Locking is to stabilize B0 time to time. When 
locking is activated, the feedback-control of B0 is 
achieved by reading the 2H signal and adjusting 
the Z0 shim.

Shimming B0

Shimming is to homogenize B0 in the sample 
space. Bio-NMR uses about 40 different shims 
to achieve this goal. The main shim sets that 
users must check are Z1, Z2, Z3, Z4, X1, Y1, XZ, 
and YZ.



Shimming



6. Solid-state NMR



Interaction in Solid-state NMR

Chemical shift: Interaction for valence electron
Knight shift: Interaction for unpaired electron

Energy state
2nI+1 = 4



Hamiltonian in NMR

HTOTAL= HZ + HD + HSC + HCS + HQ + ····· 

<Main interaction>
Zeeman interaction (HZ)
<Perturbation Term>
Chemical Shift Anisotropy (HCS)
Dipole-Dipole Interaction (HD)
Indirect Dipole-Dipole Interaction (HSC)
(J-coupling)
Quadrupole Interaction  (HQ)

13C NMR
At 9.4 T

Zeeman Dipolar Scalar
(J-coupling)

Chemical shift Quadrupolar

HZ HD
(Through space 
between spin)

HSC
(Through bond of 

electrons)

HCS HQ

In solution 100 MHz 0 kHz ~ 400 Hz Isotropic value 0

In solid 100 MHz Up to 100 kHz Up to 10 kHz Up to 100 kHz

CSA 
(Chemical Shift Anisotropy)

Up to MHz

How to 
remove

Dipolar 
decoupling

Scalar 
decoupling

MAS 
(Magic Angle Spinning)

MAS 
(Magic Angle Spinning)

High field NMR



Solid-state NMR



CSA (Chemical Shift Anisotropy)

asymmetry parameter = η (eta)

Isotropic value 
(Solution)



Magic Angle Spinning (MAS)

θ = 54.7◦
3cos^2θ − 1 = 0

Isotropic value



Spinning side-band



DP (Direct-Polarization, One-pulse)

CP (Cross-Polarization)

Ch2(obs): C13

Ch1(dec): H1
Decoupling

Ch2(obs): C13

Ch1(dec): H1
Spin Lock Decoupling

Contact 
time

Acquisition

Acquisition
D1

D1

DNP (Dynamic-Nuclear-Polarization)

Ch2(obs): X

e-

DNP
Acquisition

D1

Microwave

Pulse sequence in Solid-state NMR

Gyrotron (L-He)
Klystron (L-N2, efficiency = 80%) 

Radical

Hartmann Hahn match



Application of solid state NMR

Organic complexes

Inorganic complexes

Zeolites

Mesoporous solids

Microporous solids

Aluminosilicates/phosphates

Minerals

Biological molecules

Glasses

Cements

Food products

Wood 

Ceramics

Bones

Semiconductors

Metals and alloys

Archaelogical specimens

Polymers

Resins

Surfaces

But, Fine particle + at least 20mg

http://www.theresonance.com/nmr-tutorial-mas-rotor-filling/



7. Hardware



NMR diagram



Magnet diagram



Varian 600 MHz NMR

600 MHz NMR

Location 102-B119

Measurement Type Self / Request

Model VNMRS 600 (Varian)

Magnet 14.1 T

Channel 3 channel

Probe

5 mm PFG Auto X DB probe
5 mm Automated triple resonance probe
4 mm Nano TM probe
1.6 mm triple resonance HXY MAS solid probe
5 mm double resonance MAS solid probe

Auto-sampler X

Auto-tuning & matching -

Power 100 W / 300 W / 300 W

Channel
Ch1 : 1H, 19F
Ch2 : 170MHz(31P) ~ 150 MHz (13C)
Ch3 : 150MHz(13C) ~ 60 MHz (15N)

Temperature -60 ~ 100 ˚C



Bruker 400 MHz NMR

400 MHz NMR

Location 102-B119

Measurement Type Self / Request

Model AVANCE III HD (Bruker)

Magnet 9.4 T

Channel 2 channel

Probe BBO probe

Auto-sampler O

Auto-tuning & matching O

Power 100 W / 500 W

Channel
Ch1 : 1H, 19F
Ch2 : 160MHz(13C) ~          

49 MHz (15N)

Temperature -150 (20) ~ 150 ˚C



Cryogenic Bruker 600 MHz NMR (Jan, 2023)

600 MHz NMR

Location 102-B119

Measurement Type Self / Request

Model AVANCE NEO

Magnet 14.1 T

Channel 2 channel

Probe 5 mm Prodigy probe
5 mm I-probe

Auto-sampler O

Auto-tuning & matching O

Power 300 W / 500 W

Channel
Ch1 : 1H 

Ch2 : 240MHz(31P) ~ 27.6 MHz (109Ag), 19F

Temperature -150 ~ 150 ˚C

<S/N ratio>
L-N2 (77K) -> 2~3배
L-He (4K) -> 4배



8. Pre-treatment



NMR solvent

https://m.blog.naver.com/PostView.naver?isHttpsRedirect=true&blogId=release&logNo=50091986445

D2O
▪ Dielectric constant: 78.5
▪ Advantage: 

- Cheap 

▪ Disadvantage: 
- Exchange OH and NH
- Easily contain water
- Chemical shift (Temp. dependent)
- Hard removed

Dielectric constant : Polar > 20 > Non-polar

CDCl3
▪ Dielectric constant: 4.8

▪ Advantage: 
- Cheap, 
- Easily Removed

▪ Disadvantage: 
- Light sensitive(Contain HCl)
- Toxic, carcinogenic
- Weak lock signal
- Easily evaporated

DMSO-D6
▪ Dielectric constant: 46.7

▪ Advantage: 
- Strong lock signal

▪ Disadvantage: 
- High price
- Highly viscosity
- Easily contain water
- M.P.: 20 ~ 22 °C (Freeze RT)
- Hard removed

NMR Solvent Storage 
Avoid light & moisture: All NMR solvent
Store refrigerator (4°C): CDCl3, THF-D8



Caution

CDCl3 + Light -> HCl
▪ Use silver foil 

(Stabilizer, radical scavenger)
▪ Use molecular sieve

(Eliminate H2O)

Change of chemical shift
▪ Temperature
▪ pH
▪ Concentration

HOD peaks
▪ Related residual H2O
▪ Slow exchange H2O and HOD

→ two peaks 
(singlet H2O, 1:1:1 triplet HOD)

▪ Hydrogen bond
→ Broad peak of HOD

How to remove residual water
→ Use Molecular Sieve 3~5 g in 100g (CDCl3)

• 3 Å: Adsorption of polar liquid (NH3, H2O)
• 4 Å: Adsorption of Non-polar liquid 

(H2O, CO2, SO2, H2S, C2H4, C2H6, C3H6, EtOH)
• 5 Å: Adsorption of Linear CxHx to n-C4H10

Alcohols to C4H9OH
C4H9SH

https://m.blog.naver.com/PostView.naver?isHttpsRedirect=true&blogId=release&logNo=50091986445



Quality of sample tube

Thin wall (Precision-Glass) 
▪ Temp 120 °C
▪ Critical shimming quality

(low Fe2O3)
▪ Good volume reproducibility
▪ High sample volume in RF coil
• 535-PP-7 (600 MHz grade, $40)
• 527-PP-7 (400 MHz grade, $25)

Economy (Middle MW)
▪ MW<1500, RT
• WG-1241-7 (600 MHz grade, $10)
• WG-1228-7 (400 MHz grade, $9)

High-Throughput (low MW)
• up to 600 MHz, MW<250, RT
• WG-1000 ($2)

https://www.rototec-spintec.com/flyer/wilmad/NMR_Catalog_2020.pdf



Special purpose sample tube

Shigemi tube
$ 300 - 400
▪ Increase 16% SNR
▪ Low con. or low volume

PTFE tube 
$ 60
▪ HF or 29Si NMR

Sh
ig

em
it

ub
e

N
or

m
al

 s
am

pl
e 

tu
be

Reduce sample volume (1/3)

Coaxial tube
$ 40 – 50 (+ $ 50)
▪ Non-deuterated sample
▪ Quantitative NMR
▪ Referencing

Stem Coaxial tube
$ 40 – 50 (+ $ 50)
▪ Non-deuterated sample
▪ Quantitative NMR
▪ Referencing

https://www.rototec-spintec.com/flyer/wilmad/NMR_Catalog_2020.pdf



Special purpose tube & cap

https://www.rototec-spintec.com/flyer/wilmad/NMR_Catalog_2020.pdf

PTFE Cap 
$ 16 (or $ 5 economy ver.)
▪ Use CDCl3, Acetone-D6, HF

Ethyl Vinyl Acetate Cap
▪ Cheap
▪ Avoid CDCl3, Acetone-D6

Ethyl Vinyl Acetate Cap 
+ Teflon tape
▪ Cheap
▪ Use CDCl3, Acetone-D6



Volume and concentration

• Sample volume = 500 ul (400 ~ 700 ul)

• Sample concentration

1. 1H: 0.05 mM ~ 10 mM (Too high concentration cause Line-broadening effect)

2. 13C, 2D NMR(COSY, NOESY, TOCSY, etc.): 10 mM ~ 100 mM

3. 15N, 17O, Hetero 2D NMR (HSQC, HMBC, HMQC, etc.): 100 mM < Highest concentration

ex) Sample A (MW=200), 0.05 mg / 500 ul = 0.5 mM = 100 ppm

Sample A (MW=200), 1 mg / 500 ul = 10 mM = 2000 ppm

Sample B (MW=500), 25 mg / 500 ul = 100 mM



Referencing

<Internal reference>

1. Sample + NMR solvent (CDCl3, D2O, DMSO-D6, etc.) + reference compound (TMS, DSS)

<External reference>

2-1. Sample + NMR solvent (CDCl3, D2O, DMSO-D6, etc.) 

2-2. Reference sample (P31: TPP = -17.57 ppm, F19: TFT: -63.72 ppm)

3. Coaxial sample tube (Evans method) 

- Inner tube: NMR solvent or Reference

- Outer tube: Sample

Measurement area

• None deuterated solvent condition -> No Lock / No auto shim -> Poor or not easy measurement
• NMR solvent and Referencing (+Quantitative NMR)



Paramagnetic effect

• Degassing

Oxygen (Paramagnetic) -> Short T1&T2 relaxation-> Quench for NMR signal -> Purge N2 or Ar gas

• Doping agent (Use Paramagnetic agent)

- Reduce T1 & T2 -> Short experiment time

- Line broadening effect (poor shimming)

- Add paramagnetic material concentration: 1 mM (1H), 25 mM – 50 mM (13C)

Cr(acac)3
Chromium(III) acetylacetonate

GdCl3
Gadolinium(III) chloride

CuSO4, MnCl2, NiCl2

Dielectric constant : Polar > 20 > Non-polar

https://onlinelibrary.wiley.com/doi/full/10.1002/masy.201300034



Sample preparation

▪ Wash sample tube to acetone or ethanol. 

Cheap sample tube dry-situation tilted state in oven  make possible bending

(Sample tube bending test → rolls the ground If bending 

sample tube spins, quartz glass in probe has some damage.)

Probe Bottom



Sample preparation

1.  Perfect solution sample filters syringe filter.

(If your sample has insolubility, It makes low resolution and sensitivity about peak)

2.  5 mm sample tube inserts sample 0.5 ml (500 μl, 4cm) 

3.  Spinner placed on depth gauge insert sample tube

(※ Don`t touch O-ring)

4. Check location depth gauge center (dash line square) with sample tube                                             

5. Remove depth gauge.



Sample volume and height
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Sampling for PF6 or Toxic sample

Coaxial tube

Sample

Reference 
(NMR solvent, Standard)

Standard Evans method PTFE tube



9. Operation Manual



9-1. Manually
Operation



Experiment setup

1. Create Dataset

Click                                     (edc) - Start tab. 
Insert parameter value.

Experiment name : ex) 20160908_Test_1
Experiment number : ex) 1(1H), 2(13C), 10(2D) (1~999)
Processing number: ex) 1
Data save route ex) ＼data

Parameter set
ex) proton - PROTON, carbon - C13CPD
Direct type or select

NMR solvent

Sample information.



Insert : Prompt types sx # (sample holder number)
Eject : Prompt types sx ej

Experiment setup

2. Sample insertion into the magnet

※ (XXX) or bold character are command. Could use command line.



Experiment setup

3. Lock

Click                   (lock) - Acquire tab

Choice lock solvent
(or, ”lock used-NMR-solvent” ex) lock DMSO ).



Experiment setup

3. Lock
Lock-complete condition display lock level on state line. 
If lock level is so high, control lock power or lock gain. (proper lock level = 50 ~ 60)



Experiment setup

4. Tune
Click (atma)

5. Spinning
Click                          (ro on)

6. Shimming
Click                         (tg)

7. Prosol
Click                       (getprosol)

8. Receiver gain
Click                       (rga)



Acquisition

Click (zg)

9. Parameter

10. Acquisition

Number of scan : Prompt types ns (edit #)
Relaxation delay : Prompt types de (edit #)



Experiment end

Click

Stop sample rotation (ro off) spinning

Type bsmsdisp on command line
Click lock On-Off (Stop lock) 



To use manually operation

1) sx # - Insert sample into magnet
2) edc - Create new experiments room
3) rsh - Refresh optimized shim-map
4) ro on – spinning on
5) lock - Locking
6) atma - Auto tuning & matching
7) getprosol - Update standard parameter [ex, p1, plw1]
8) ased - Change parameter [ex, ns(number of scan), d1(delay time)]
9) topshim - shimming
10) rga - Auto-adjust receiver gain
11) zg - start experiment
12) efp - Fourier transformation
13) apk - auto-phase correction
14) absn - auto-baseline correction
15) ro off – spinning off
16) sx ej – sample eject

If automation system is connecting,
sx command is not working.



9-2. Automation
(Icon-NMR)



Experiment setup
Processing

1. Open Icon-NMR

To open Icon-NMR : Prompt types iconnmr



Experiment setup
Processing

2. Automation

Click                          Automation 



Experiment setup
Processing

3. Login

Select user ID
Insert password



Experiment setup
Processing

4. Experiment Table

1) Check holder status

2) Double click
empty holder (1~24)

3) Type sample name

4) Change No.
(experiments number)

5) Select NMR solvent

6) Choice Experiment
(Proton, 13CCPD, 13CIG, etc.)

7) Change parameter value
(ns, p1, d1 .. etc)



Acquisition
Processing

5. Acquisition

5) Choice experiment holder 

6) Click submit



Acquisition
Processing

6. Check NMR data

7) Double-Click
Preceding Experiments tap

8) Show NMR-spectrum



Acquisition
Processing

7. Data Route (FID)



10. Processing



Click                                    down arrow

Click Configure Standard Processing (proc1d)

LB↑ -> sensiƟvity ↑, resoluƟon ↓
Default 0.3 (1H)
Sensitivity 1 ~ 3 (13C)

If reference useTMS , check TMS.
TMS - chemical shift = 0 (Automation)

* To save
Click

Processing



Process tab 클릭

After apk(Auto – Phasing), phase-correction through manual phasing

Spectrum move uniform

Spectrum moves like a seesaw shape

Processing



Click                               . Change chemical shift.

마우스 왼쪽 버튼을 이용하여 알고 있는 peak를 클릭 하고 정확한 값을 넣어 준다.

Processing



Click

Click    

Drag left-mouse. (Peak located on square box)

Processing



Click

Control threshold and choice peak

ex) 0.5 higher than peak picking
> mi 0.5
> pps

Select peak about square box 

Modify selection area.

Plus one peak.

Processing



Processing

Click

Select integration about square box 
Modify selection area

Divide overlapped peak 



Plotting

Click



Mnova

https://ucrf.unist.ac.kr/en/mnova-installation/



Topspin - free 

https://www.bruker.com/nc/service/support-upgrades/software-downloads/nmr/free-
topspin-processing/download-page.html



UBTS

https://ubts.co.kr/



11. Technical 
Knowhow



Poor background

19F NMR 29Si NMR

17O NMR 127I NMR



Poor background signal in NMR

PTFE (Teflon)
Background:1H, 13C, 19F

Borosilicate
Background: 11B, 17O, 29Si

2) Ringing

1) Material

1) Background
2) Ringing

Sample signal



How to remove background signal

2) Prescan Delay (DE) 

Ch(obs): X

π/2

DED1

DE = 30 - 40 μs (Normally 4 - 25 μs)

For suppress “bad background signal” 
1) Probe materials (Solid signal)
2) Ringing

-> Short D1 ex. 17O -> D1 = 0.1 – 0.2 s

1) Cut off signal (Processing)

D2 = 1 ms (0.001 s)
Teflon decay time < 1 ms

2 - 3 ms

3) CPMG (Spin echo)
- Suppress magnetic field inhomogeneous (T2)  

<Solution NMR>



Baseline correction (Processing)

Polynomial Fit  = 2 - 3
(or Bernstein Polynomial Fit)



Baseline correction (Processing)



Multipoint baseline correction (Processing)



12. Caution



Consist of magnet



Spinner damage



5 Gauss line

5 Gauss line

‘Safe’ levels of static magnetic field 
exposure for general purpose

Earth`s Magnetic field = 0.5 gauss



Warning Signs



10 Gauss line

5 Gauss line

0.5 Gauss 
= Average earth         

magnetic field

5 Gauss line
= MR safety standard

Credit 
card

earphon
e

Watch, 
Key

Metallic  
tool

Gas 
containe

r

Hand 
cart

Scissors, 
pen



Magnet safety



Magnet safety



Human Body react to Oxygen-Deficiency



Magnet quench

https://youtu.be/d-G3Kg-7n_M?t=5

https://www.youtube.com/watch?v=4dbQxyrhZ2A&t=63s



13. FAQ

-자주 하는 질문
-장비 이용료



Equipment fee

Model
Reservation 

time unit
Daily maximum 
reservation time

Cancelable timing Fee

Bruker
600 MHz

NMR 
10 min. unlimited 1.0 hr

Client 10,000/10min

Self-user 5,000/10min

Acc. used 3,000/10min

Bruker
400 MHz

NMR

10 min.
1  hr

(2 PM to 8 PM, 
weekdays)

1.0 hr

Client 5,000/10min

Self-user 2,500/10min

Acc. used 3,300/10min



Reservation control information

www.ucrf.unist.ac.kr

m*k*m

*********
*

2

3

홍길동

연구지원본부

20*39

4064

010
**
**

**
** 4

김교수

5

Create Account 

1. Click [Sign up].

2. Click [UNIST Member].

3. Input [Portal id/pw]_Click [Confirm].

Please check your information.

4. Input professor name in [Principal investigation]

_Click [Professor search]_Click professor name.

5. Click [Create Account].

1



Request for Self-user

www.ucrf.unist.ac.kr

After pass the test, 

1. Login UCRF website.

2. Click [My Page].

3. Click [Request for Self user].

4. Select the equipment.

1) Select [Materials Characterization Lab].

2) Select [Surface Analysis].

3) Select [Confocal Raman].

4) Click [Apply].

4-1

4-2

4-3

4-4



portal.unist.ac.kr – Research Equipment– Equipment reservation/input result

Reservation



Inquiry

Application

1. Select the classification and equipment

2. Select the time you want on white box.
Yellow box : my reservation
Red box : others reservation

3. Click [Application].
2

1

3

Reservation



Reservation cancel  

1. Select the reservation.

2. Click the [Reservation cancel].

Reservation cancel



Input result

Input result

1. Select the reservation.

2. Click the [Input result].

3. Check the information and click [Save].

After measurement, you have to input result instead of filling in log sheet



Penalty points for users of equipment

No. 벌점 부과 내용 벌점

[ 장비 사용 자격 ]

1 해당 장비에 대하여 직접 사용이 허가 되지 않은 사용자가 기기를 사용 5

2 장비 예약하지 않고 장비 사용 3

3 장비 예약자 본인이 아닌 자가 장비를 사용 3

[ 장비 사용 예약 ]

4 허용시간 이외의 시간에 장비 예약 및 사용 1

5 장비 예약시간을 초과하여, 예약시간 종료 전에 초과시간에 대한 예약없이 장비 사용 1

6 장비 예약 취소 사실 통보 없이 해당 시간에 장비 사용하지 않은 경우 3

7 「연구지원본부 운영지침」제7조의 내용을 기준으로, 장비 예약 취소 기한이 지나서 예약을 취소한 경우 1

8 예약 후 장비담당자에게 통보하지 않고 기기 사용 1

[ 부주의한 행동 ]

9 장비 사용 중 허용되지 않은 기능 조작 3

10 장비 사용 중 장비의 이상이나 고장 발견 후 담당자에게 즉시 고지하지 않은 경우 3

11 사용자 부주의로 기기 손상 및 고장 5

12 사용자 부주의로 장비 부속품 분실 또는 파손 5

13 장비 사용 후 장비사용일지를 작성하지 않거나 허위 작성 또는 일부만 작성 1

14 담당자가 장비 또는 시설의 정상적인 작동과 안전을 유지하는 데에 반드시 파악해야할 시료의 정보를 제공하지 않아 장비 손상 및 고장을 초래 3

15 야간 또는 장비 담당자의 정규 근무시간이 아닌 때에 장비 사용 후 소등․출입문단속․주변 정리 등을 확인하지 않고 퇴실 3

16 유독 물질 및 가스의 누출 또는 화재 발생의 위험을 초래 5

17 타인의 개인물품(분석 및 공정 소모품 및 기자재)을 사전 동의 없이 사용하거나 훔치는 행위 5

• 벌점 부과 기준



Penalty points for users of equipment

No. Behaviors subject to penalty points
Penalty

pts.

[Eligibility to use equipment]

1 Unauthorized use of equipment without permission 5

2 Use of equipment without a reservation 3

3 Someone other than the equipment lessee used the equipment 3

[Reservations for using equipment]

4 Reserved and used equipment outside of permitted hours 1

5 Use of equipment beyond the time reserved without making another reservation beforehand for extra time 1

6 Failed to use the equipment durng the reserved time and did not cancel reservation in advance 3

7
Cancelling reservations for equipment after the cancellation deadline, under Article 7, Guideline for the Operation of the UNIST Central Research
Facilities (UCRF)

1

8 Use of any equipment without giving a prior notice to the equipment manager, after making a reservation 1

[Careless behaviors]

9 Using functions on the equipment that are not permitted 3

10 Failure to promptly notify the manager of any errors or failures detected during use 3

11 Negligence that resulted in damages or failure to the equipment 5

12 Negligence that resulted in loss or damage to an equipment component or part 5

13 Failure to record in the equipment usage log after using any equipment, or misrepresentation or partial representation of the facts 1

14
Failure to provide specimen information required by the equipment manager to ensure normal operations and safety of equipment or facilities,
thus resulting in damage or failure to the equipment

3

15
Leaving the laboratory without putting the laboratory back in order, without turning off the lights, or without properly locking the entrance door,
after using equipment at nighttime or during the equipment manager's off-hours

3

16 Causing leakage of toxic substances, gases, or causing risk of fire 5

17 Using or stealing someone's personal items (e.g. supplies, equipment or materials for analysis and process) without prior consent 5

• Penalty points criteria



Penalty points for users of equipment

• Follow-up Actions after Imposing Penalty Points

구분 벌점 조치내용

[ 장비사용자 개인 ]

개인에게 부과된
벌점 합산

≥ 5 points
장비 담당자가 사용자 및 지도교수에게 이메일로 통보(벌점 8점 이상일 시 장
비 사용이 3개월간 금지됨을 공지)하고 해당 사용자의 벌점 내역을 기기실에
게시

≥ 8 points
장비 담당자가 사용자 및 지도교수에게 사용자의 해당 장비 사용이 3개월간
금지되고 재교육 후 사용이 가능함을 이메일로 통보하고 지도교수에게 공문
발송, 해당 사용자의 벌점 내역을 기기실에 게시

(사용자 소속 연구실)

동일 연구실에서
동일 장비에 대하
여 연구실 소속 학
생들에게 부과된
벌점 합산

≥ 12 points
장비 담당자가 지도교수와 해당 사용자에게 벌점 15점 이상일 시 해당 연구실의
해당 장비 사용이 3개월간 금지됨을 이메일로 통보

≥ 15 points
장비 담당자가 지도교수에게 해당 연구실의 해당 장비 사용이 3개월간 금지됨을
이메일로 통보, 지도교수에게 공문 발송, 해당 사용자의 벌점 내역을 기기실에
게시

동일 연구실에서
연구지원본부 전
체 장비에 대하여
연구실 소속 학생
들에게 부과된 벌
점 합산

≥ 20 points
연구지원본부에서 지도교수와 소속 학생에게 벌점 25점 이상일 시 해당 연구실의
연구지원본부 전체 장비 사용이 1개월간 금지됨을 이메일로 통보

≥ 25 points
연구지원본부에서 지도교수와 소속 학생에게 해당 연구실의 연구지원본부 전체
장비 사용이 1개월간 금지됨을 이메일로 통보, 지도교수에게 공문 발송, 해당
벌점 내역을 연구지원본부 게시판에 게시



Penalty points for users of equipment

• Follow-up Actions after Imposing Penalty Points

Classification Penalty pts. Follow-up actions
(Individual users of equipment)

Sum up penalty poin
ts imposed to indivi
duals

≥ 5 points

Equipment manager will notify user(s) and their supervising professor by email of their penalty
points total, and shall post the details of their penalty points on the bulletin board of the equip
ment room. Users with penalty points 8 points or higher may not use the relevant equipment f
or 3 months.

≥ 8 points

Equipment manager will notify user(s) and their supervising professor by email that the user(s)
may not use the relevant equipment for 3 months until they complete the re-orientation cours
e; will also forward an official notice to their supervising professor; and will post details of their
penalty points on the bulletin board of the equipment room.

(User's laboratory)

Sum up penalty poin
ts imposed on the st
udents in the labora
tory for the same eq
uipment in the same
laboratory

≥ 12 points
Equipment manager will notify the user(s) and their supervising professor by email that user(s)
with penalty points 15 points or higher may not use the relevant equipment in the laboratory f
or 3 months.

≥ 15 points

Equipment manager will email the supervising professor to inform that the user(s) may not use
the relevant equipment in the laboratory for 3 months; will also forward an official notice to th
eir supervising professor; and will post the details of their penalty points on the bulletin board
of the equipment room.

Sum up penalty poin
ts imposed on the st
udents in the labora
tory for all UCRF equ
ipment in the same l
aboratory

≥ 20 points
UCRF will notify students and their supervising professor by email that the user(s) with 25 pena
lty points or higher may not use any UCRF equipment in the laboratory for 1 month.

≥ 25 points
UCRF will notify students and their supervising professor by email that user(s) may not use any
UCRF equipment in the laboratory for 1 month; will also forward official notice to their supervis
ing professor; and will post details of their penalty points on the bulletin board of UCRF.



14. Basic information



Varian 600 MHz NMR Bruker 600 MHz NMR Bruker 400 MHz NMR

Location 102-B119 102-B119 102-B119

Measurement
Type

Self / Request Self / Request Self / Request

Model VNMRS 600 (Varian) AVANCE NEO (Bruker) AVANCE III HD (Bruker)

Magnet 14.1 T 9.4 T 9.4 T

Channel 3 channel 2 channel 2 channel

Probe

▪ 5 mm PFG Auto X DB probe
▪ 5 mm Automated triple resonance probe
▪ 4 mm Nano TM probe
▪ 1.6 mm triple resonance HXY MAS solid probe
▪ 5 mm double resonance MAS solid probe

▪ Prodigy probe
▪ 5 mm i-probe ▪ BBO probe

Auto-sampler X O O

Auto-tuning &
matching O O O

Power 100 W / 300 W / 300 W 100 W / 500 W 100 W / 500 W

Channel
▪ Ch1 : 1H, 19F
▪ Ch2 : 170MHz(31P) ~ 150 MHz (13C)
▪ Ch3 : 150MHz(13C) ~ 60 MHz (15N)

▪ Ch1: 1H, 19F
▪ Ch2: 170MHz(31P) ~ 150 MHz (13C)

▪ Ch1: 1H, 19F
▪ Ch2: 160MHz(13C) ~ 49 MHz 

(15N)

Temperature - 80 ~ 90 ˚C - 40 ~ 150 ˚C
- 150 ~ 150 ˚C - 150(20) ~ 150 ˚C

NMR Specifications



NMR probe

5mm PFG Auto X DB 5mm PFG Auto Triple 5 mm Double MAS [Solid] 1.6 mm Triple MAS [Solid]

102-B119 102-B119 102-B119 102-B119

의뢰 / 자율사용 가능 의뢰 / 자율사용 가능 의뢰가능 의뢰가능

Solution NMR Solution NMR Solid-state NMR Solid-state NMR

1H-19F / 15N-31P
(56 ~ 155 MHz)

1H / 13C / 15N 1H-19F / 15N-31P 1H-19F / 15N-31P / 15N-31P

-80 ~ 130 ˚C -20 ~ 80 ˚C RT. -50 ~ 50 ˚C

X Broad-Band experiment Triple resonance experiment One-pulse, CP-MAS One-pulse, CP-MAS

20 Hz 20 Hz 5-12 kHz 8-40 kHz

5 mm sample tube 5 mm sample tube 5 mm rotor 1.6 mm rotor

500 μl 이상 500 μl 이상 Fine powder 1 g 이상 Fine powder 20 mg 이상



NMR probe

4mm Nano-probe XR-401 5 mm One probe [Solution] 5 mm BBO probe [Solution]

102-B119 102-B119 102-B119 102-B119

의뢰가능 의뢰가능 의뢰 / 자율사용가능 의뢰 / 자율사용가능

HR-MAS NMR Temperature control unit Solution NMR (Agilent 400) Solution NMR (Bruker 400)

1H-19F / 15N-31P 1H / 13C / 15N 1H-19F / 15N-31P 1H-19F / 15N-31P

0 ~ 50 ˚C -40(-60) ~ 100 ˚C -80 ~ 130 ˚C 0 ~ 50 ˚C

HR-MAS experiment Temperature control X Broad-Band experiment X Broad-Band experiment

2.5 kHz - 20 Hz 20 Hz

4 mm sampling tube - 5 mm sample tube 5 mm sample tube

100 μl 이상 - 500 μl 이상 500 μl 이상



NMR sample preparation

Standard Sample Holder Temperature limit

Ceramic
Variable

STV-5
-40 ~ 60 ˚C

POM
0 ~ 80 ˚C

Ceramic
-150 ~ 180 ˚C



15. Emergency

-장비 작동
-연락 체계



Emergency

핵자기공명분광기실
NMR Laboratory

응급상황 발생시
Emergency Call

052) 217-
0119

화재, 폭발, 가스ㆍ화학약품누

출등응급상황발생시

Fire, Explosion, Gas and 

Chemical Leak etc.

자연과학관
B119호

원외 주요 연락처
External Main Telephone

052) 
217-

0119

소방서 Fire Station     119
경찰서 Police Station  112

좋은삼정병원
Hospital

052)220-
7500

Sun-Phil Han 내선(Extension) (4174)
★ Please do not hesitate to contact “Safety Manager”, if you have any 

queries or urgent business.
(문의 사항 또는 급한 용무가 있을 시, “연구실 안전담당자”에게 연락 요망)



16. Case Study



Li salt & Electrolyte

Solution NMR Solid-state NMRHR-MAS NMR

1D NMR: 1H, 13C, 17O, 19F, 31P, 33S
T1/T2 analysis
DOSY NMR

1D NMR: 1H, 13C, 17O, 19F, 31P, 33S
T1/T2 analysis
Solid DOSY NMR
2D NMR: MQ-MAS

[키움증권 리서치센터 산업분석 보고서] 차세대 배터리



2nI+1 rule

N = Number of neighbor nuclear
I = Nuclear spin quantum number

P(Phosphorus): I=1/2
F(Fluorine): I=1/2

2nI+1 rule

1JPF: 2 * 6 * 1/2 + 1 = 7 (Septet)
1JFP: 2 * 1 * 1/2 + 1 = 2 (Doublet)

31P 19F

Coupling constant 
1JPF = 1JFP = 706 Hz

706 Hz

706 Hz



Application

29Si 13C



Application (Lignin)

Solid-state NMR
(1H, 13C / DP, CP-MAS)



Application

G-quadruplex의 이온채널 형성 분석

G-quadruplex 가 Li ion의 이동속도를 향상시킴



Application

고체전해질 첨가제 분석

이온전도 메커니즘 확인



Real-time analysis

sfrq : 150.85
sw : 8389.3
solvent : DMSO
temp. : 343 K
pw : 20 (45 °)
d1 : 5
aq : 1.953
ns : 48 (24h array exp.)



Diffusion Ordered SpectroscopY



Solid-state NMR (Perovskite)



13C Solid-state NMR (CP-MAS)



13C Solid-state NMR (Coal)



13C Solid-state NMR (Coal)



27Al Solid-state NMR (Zeolite)



Application of solid state NMR

Organic complexes

Inorganic complexes

Zeolites

Mesoporous solids

Microporous solids

Aluminosilicates/phosphates

Minerals

Biological molecules

Glasses

Cements

Food products

Wood 

Ceramics

Bones

Semiconductors

Metals and alloys

Archaelogical specimens

Polymers

Resins

Surfaces

But, Fine particle + at least 20mg

http://www.theresonance.com/nmr-tutorial-mas-rotor-filling/
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Website

• Bruker Germany (USA)
http://www.bruker.de (http://www.bruker.com)

Varian (Korea)
http://www.varianinc.com (http://www.varian.co.kr)

JEOL (Korea)
http://www.jeol.com (http://www.jeol.co.kr)

SpectroscopyNOW
http://www.spectroscopynow.com

The basics of NMR
http://www.cis.rit.edu/htbooks/nmr/bnmr.htm

Shigemi
http://www.geocities.com/~shigemi

NMR information server
http://www.spincore.com/nmrinfo



Journal

• Journal of Magnetic Resonance
http://www.elsevier.com/locate/jmr

J. Biomolecular NMR
http://www.wkap.nl/journals/jbnmr

Solid State Nuclear Magnetic Resonance
http://www.elsevier.com/locate/ssnmr

Biochemistry
http://acsinfo.acs.org/journals/bichaw/index.html

Journal of Structural Biology
http://www.academicpress.com/jsb

Nature
http://www.nature.com/nature

Science
http://www.sciencemag.org
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