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Sampling (Solution NMR)

NMR sample tube

With coxial tube
Inner tube: Deuterated solvent
Outer tube: Sample

5) Gelation with coaxial tube / without coxial tube

Coxial tube

6) Rolling flim

Sample(~ 20mg) + Deuterated solvent (500uL)
Deuterated solvent: ex) D2O, CDCl3, DMSO-D6

Sample(~ 20mg) + Non-D solvent(500uL)
Non-D solvent: H2O, CHCl3, DMSO-H6

Sample(~ 20mg) + Non-D solvent (450uL) + Deuterated solvent (50uL)
Non-D solvent: H2O, CHCl3, DMSO-H6

1) Normal case

2) 10% D solvent (Quantitative NMR with Calibration curve)

3) After reaction in water or solvent base
without pretreatment

4) Coaxial tube
Inner tube: NMR solvent or Reference (Chemical shift, Concentration)
Outer tube: Sample (Non-D solvent, unknown concentration)



Sampling (Solid-state NMR)

https://www.bruker.com/en/products-and-solutions/mr/nmr/probes/Solids-Probes.html



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
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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



Consumables (Recommendation)

NMR pipet – Long tip pipette (13.75 inch)

NMR sample tube (rating  ≤ 600 MHz)
WG-1000-7 ( 5mm High Throughput NMR tube)
WG-1003-7 (Large writing Area 5mm High Throughput NMR tube)

NMR tube Brush

Tube washer
(Multi-tube Jet Solvent Wash/Dryer)

Vacuum pump
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Labeling tip
Short term: Red
Long  term: Black



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

C
o

il

C
o

il

4
0

 m
m

4
0

0
 –

5
0

0
 u

L

BEST

Bad shim

C
o

il

C
o

il

Empty area

C
o

il

C
o

il

Bad shim

Poor sample area 

Worst

C
o

il

C
o

il

Probe bottom



Operation
With Icon-NMR



Icon-NMR (Login)

1

2 Click Automation

4 Type password

1 3 Select Lab ID

Topspin 4.4.1

Topspin 3.5

Topspin 3.5

Type icon on command line
Click Acquire tab > More > IconNMR Automation



Icon-NMR (Routine)

Check holder number
(= Auto-sampler number)

Change user
(Login/out)

Write sample name

Choice
Solvent

Choice
Experiment

Submit

3-47

8 9

10

6 Double-click available holder

5

Topspin 4.4.1

Topspin 3.5



Icon-NMR (Folder name)

1 Folder name 2 Experiment number user0

0 1

2



Icon-NMR (2D NMR)

1 Choice 2D NMR

2 Automatically opened 1H NMR experiment 
(Measure 1D 1H ->)

3

2D NMR_ICON COSY 1 (1H NMR data) -> Automatically control SW(Spectral width, Spectrum width)

Same No. = PROTON

1 Choice 2D NMR 
(Modified full range)

No need 1D PROTON



Icon-NMR (Change parameter - Simple)

Change
Parameter

(Simple)

Click ‘Edit specific parameters’1

Change simple parameter2
Submit3



Icon-NMR (Change parameter - Complex)

Change
Parameter
(Complex)

Click ‘Edit all Acquisition Parameters’1

Click Show pulse program parameters2

Change parameters3

Click Return to IconNMR4



Icon-NMR (Status)

Current stage
현재 진행 중인 상태

Status 상태 Notes

Available 비어있는 홀더 사용 가능

Finish 완료된 실험 삭제가능

Running 진행 중인 실험 현재 진행 중

Queued
(Ready)

대기 중인 실험 예약상태

Fail 실패한 실험

관리자계정
(Bruker 400: nmrsu
Bruker 600: root)

or
해당 User로만 삭제가능

Progress stage
완료된과정



Icon-NMR (Button)

Button Function Notes

Submit Run experiments 원하는 홀더 번호 선택 후 Submit

Cancel Queued -> Available 준비 -> 사용가능상태로

Edit Available -> Edit 수정필요시

Add 1 Sample -> Multiple experiments
Save time, Lock/Shim just run 1 time

(시간절약, Lock/Shim은 1회만 진행)

Copy
Copy Sample name, Solvent, 

Parameter (For Similar experiment)

실험명, 용매, 실험, 파라미터 복사
(유사한 샘플 또는 유사한 실험 진행시

활용)

Delete Delete experiment
실험삭제

(Fail 상태는 User or Admin만 삭제가능)



Icon-NMR (Spin on/off)

RO (Rotation On)
Spinning = 20
Non Spinning = 0



Icon-NMR (Parameter list)

List Explanation Notes

PULPROG 실험프로그램
zg30(30도 펄스)
zg (90도 펄스)

TD Time domain FID point 개수

SWH(ppm) Spectral width 스팩트럼 총 폭 (X축)

AQ Acqusition time 데이터 얻는 시간 (TD * DW)

RG Reciever gain Detector window size

DW FID Point사이 간격

DE Acquisition 이전 delay

D1
Relaxation
delay time

Integration값과 연동
T1 * 5

DS Dummy scan 실제스캔이전 준비운동

NS Number of scans 실제스캔

SFO1 Resonace frequencsy Target 핵종의 에너지 분리량

O1(ppm) Center frequency 스팩트럼 중심값

NUC1 Target nucleus 측정하고자 하는 핵종

P0 Input RF pulse (time)
실제로 들어가는 RF pulse 시간

ex) zg30 (P0=P1/3)

P1 Input RF pulse (time) 입력된 RF pulse 시간

PLW1 RF power RF pulse power level



Icon-NMR (Time)

Experiment time
남은시간확인

Only Show acqusition time
(Load, ATM, Lock, Shim 시간 제외)

Show time = 00:01:08
Real time = 6~7 min

D8 or RO 등 0인 값에 0을 다시넣고
OK 누르면 실험시간 확인가능



Icon-NMR (Reservation)

Click Set Start Time

Many samples
Just +1 min is enough

1

2
overwrite - O
arrow key - O
Delete - X
Backspace - X

3



Icon-NMR (Open data)

Double click Preceding Experimnets list
[Finished experiment]

Double click Experimnets list
[Finished experiment]

Save & show data in progess
1) Type tr on command line
2) Check Stored NS OO
3) Double click Acquisition information
4) Click Process Proc. Spectrum (or Type efp; apk; absn)
efp: FID to spectrum
apk: Auto phase correction
absn: Auto baseline correction

1

2

34 Type efp; apk; absn

A

B
C



Icon-NMR (Stop run)

Recommand procedure
(Only worked experiment running)

1) Check Acquisition information (Progress)
2) Type halt on command line
halt : Save and stop

1

2

Other procedure on Icon-NMR
Run > Stop Run > Password: bruker

1
2

After stop!
Reconnect Icon NMR – Auto-sampler
Click Start button

Topspin 4.4.1

Topspin 3.52

3



Icon-NMR (Turn off)

2

3

4
PW: bruker

5

1 Save experiments list



Icon-NMR (Turn on)

1

Type icon on command line

2

3

PW: bruker

4

6

8

7

5 Open experiments list



Icon-NMR (Admin)

Bruker 600
Software: Topspin 4.4.1
Windows10

Admin (Icon-NMR)
ID: root
PW: topspin

Windows 10
ID: nmrsu
PW: topspin

Topspin/Icon-NMR config
PW: bruker

Bruker 400
Software: Topspin 3.5 pl7
Windows7

Admin (Icon-NMR)
ID: nmrsu
PW: topspin

Windows 7
ID: nmrsu
PW: topspin

Topspin/Icon-NMR config
PW: bruker

Admin (Icon-NMR)
1) Delete fail experiment
2) Exit Icon-NMR
3) Control other user list

Windows 7/10
1) Turn on PC

Topspin/Icon-NMR config
1) Exit icon-NMR
2) Change configuration



Safety



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



Warning signs

10 Gauss line

5 Gauss line

0.5 Gauss 
= Average earth         

magnetic field

5 Gauss line
= MR safety standard

Credit 
card

earphone Watch, 
Key

Metallic  
tool

Gas 
container

Hand 
cart

Scissors, 
pen



Magnetic safety



Magnetic safety



Human Body react to Oxygen-Deficiency



Magnet quench

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


