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Qualification for NMR operation urifs:

SCIENCE AND TECHNOLOGY

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-maill

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(lcon-NMR)
- You have to get a self-user in one month
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2. Basic principles
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Ampere's law i s WPNST

current
direction

fighd ™
direction =

Magnetic moment Ampere’'s law
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Zeeman effect LrfiEte
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| X189t &3} (Zeeman effect)

Silver atoms

.-"-: N

A N2 240t
XE21& LHOIA spectrumO] E4HE ZeHA
Classical =2|+ 1

prediction

Furnace

. . HIEa K2 230}

Inhornog.-eneous What was AL K =
magnetic field actually observed A Xt (ms) | Tt SpeCthmO | Lo~ = L=
AEHIE - HSatS A
0IE 1= o s A RHE u,
AN n 123 4 TR GlILATI
(Principal Quantum Number) T (I 37D
U= ANL 1 0123 4~ A s 37| AIALISHE o,
(Angular Momentum Quantum Number) T (2HIE 22
RH IS M B A= H2SEO| Wt
(Magnetic Quantum Number) i, 1-,-101-1 (HIE HHE) o . i Sa
= 2 o
AR & +1/2 (wp) MR AT HiSE SHATIANS *+1/2 wp) 8 AT urst
(Spin Quantum Number) b -1/2 (down) e e = RPN SO LR ~1/2 down)
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Magnetic moment

| 7| BHIE (Magnetic moment)

— QD

TR (] [= L=

(Nuclear magnetic moment)

Y XD

(Gyromagnetic moment)

MAGNETIC MOMENT

| @ syAmom}a

~~—
(Nuclear spin guantum number)
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Energy states splitting (B,) JarfsT
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Anti-parallel of B,

>

M=-1/2

( B state ) B
0

p|al} d11vuSew |eulalx

Parallel of B,

-

M=+1/2

( a state )
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Electromagnetic spectrum
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<— Increasing Frequency (v)

1924 1?22 lIGZ[) ](I)JB I(I)Iﬁ 1914 llol?_ 1?10 108 106 104 IIOZ lIOﬂ 'V(HZ)

Y rays X rays uv IR Microwave |FM AM Long radio waves

Radio waves

1 | | I | ol 1 I 1 | |
107 107 1072 107 10 ! 0° 107 1072 10° 10° 104 10° 10 A (m)

e “eew Increasing Wavelength (A) —

' Visible spectrum T

O Y B B
400 500 600 700

Increasing Wavelength (A) in nm —

Region of electromagnetic spectrum Interaction Spectroscopic technique
Y- ray Nuclear Mossbauer spectroscopy
P X-ray Core-level electron X-ray absorption spectroscopy
Electrons
Val A
EI:::T:::S . e R tons:
fo et © eurons Ultraviolet (UV) Valence electron UV/Vis spectroscopy
Visible (Vis) Valence electron UV/Vis spectroscopy
> 2 ; IR spectroscopy
Infrared (IR) Molecular vibration Raman spectroscopy
Microwave Molecular rotation Microwave spectroscopy
T — Nuclear spin Nuclear magnetic resonance
‘ spectroscopy
. i - - - - - -~~~ |
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Spectroscopy

Absorption Emission

Spectroscopy

I.lrllE I'
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-

[=-1/2 Excitation

r

AE

Relaxation
-

[=+1/2 _

Ground state Excited state
Lowest energy state Highest energy state

NMR
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Table 1. General rules for determination of nuclear spin quantum numbers
Mass Number Number of Protons Number of Neutrons Spin (1) Example
Even Even Even 0 159
0,2,4,6
Odd Odd Integer (1,2,...) 2y
Odd Even Odd Half-Integer (1/2, 3/2....) 180
1,3,5,7 0dd Even Half-Integer (112, 312....)
15y
Resonance frequency (MHz) Table 5-2 Quadrupole moments, linewidth factors and receptivities of some
Nucleus  Spin in field of 2.3487T g value spin >3 nuclides
H 1 100.00 5585 Nuclide Spin Quadrupole  Linewidth Relative receptivity
l0g g 10.75 0.6002 moment factor
: ' I Q0w 210 ¢/m* D’ D€
''B 3 32.08 1.792
Bc 1 25.14 1.404 ’H 1 2:8x107% 3-9x10™° 1-45x10™° 8-21x107°
N 1 722 0.4036 °Li 1 -8x10™* 3-2x10° 6-31x107* 3-58
7% , 10.13 0‘5660 "Li 2 -4x107% 2-1x107° 0-272 1:54x10°
7 z ’ T B 3 85x1072 1-4x10™® 3-93x107° 22-3
Y 3 13.56 —0.7572 2 3 41x107%  2-2x107° 0-133  7-52x10?
F ! 94.07 5255 “N 1 1%1072 5%10™* 1-00x107° 5-69
#si ! 19.87 -1.110 e, 3 -2:6x107 2-2x10™* 1-08x10~° 6-11x10™°
3ip I 40.48 2.261 *a 5 -0-10 1-3x107 3-56x107° 20-2
3¢l 3 9.80 0.5472 Yel 3 -79x107* 83x10™° 6-66x107* 3-78
Q) 3 & ¢ Sd5EE *Co 3 0-38 2:0x1072 0277 1-57x10°
s 9 ' ' *As 3 0-29 0-11  2-53x107*  1-44x10°
D 2 4.05 —0.2260 o 5 ~0-79 020  9:50x107  5:39x10°
Sn 5 37.27 ~2.082 e % -3x107%  1-2x10™° 4-82x107* 2-73x10?
1y 3 20.00 1.118 patd 3 3 <12 3-65x107%  2:07x10?
'"Hg ! 17.83 0.996

urfsT
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I (Nuclear spin quantum number) I S

SCIENCE AND TECHNOLOGY

OF

Proton Neutron

Charge = +e
Spin=1/2

Proton Neutron
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- PSR urifs:
| (Nuclear spin quantum number) o~ bt

SCIENCE AND TECHNOLOGY

Proton Neutron Proton Neutron

I=3 I=3/2
10g 11

Neutron
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I (Nuclear spin quantum number)

Nuclear charge distribution
Electrical field gradient

-+

<2nl+1 rule> I=1/2 1>1/2

L;
B 1=1/2 =1 1=3/2
L5y FISIan
104 2h
o rivan '3 = rd15an
U, 0.54h A
By - TIA
0.5
05h r3ian 1574
1.0yh -;Jin
1.5y 7S N
(A) (B) ©
Figure 1.5 The actual magnitudes of nuclear magnetic moment vectors and their com-
ponents along the z axis for nuclei with (A) spin- 4, (B) spin-1, and (C) spin-3/2.

HAXIHEFBHRSAE | 16



_ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

M, (Net magnetization) urifsT

5. AM
I=-1/2 Excitation z
:
Parallel
AE
Relaxation
/d( < Anti-parallel
I=+1/2 ) nti-paralle
Ground state Excited state
Lowest energy state Highest energy state
NMR M, (Net magnetization)
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SCIENCE AND TECHNOLOGY

s RS
E n ergy term :I " : 1 l',‘."';l !ﬂﬂ NA_TH.!“ﬂIL EUTEE

=hwg

"
L = _~B t M=% —

- B / t

o n ‘

NN = 1T E =f\ AE =yhB,

hB, I\\-
No_, e M, = +% RN l
N, ynh ~—

En = 2_ 0
T AE = hv
E,, = Energy of quantum state m (J) "\ Nuclei precess at the vB,
y = Gyromagnetic ratio (T—ls—l) Larmor frequency. e———p Vg = o
h =Planck’s constant (6.628 x 10734 ] s) Siferent for different nucle
. . . * pineren rai u |

B, = Applied magnetic field (2.35 T = 100MHz) « Depends on field strength

S Y (O ALy S
AEm =3 ( 2)]2nBO_2nB°

= (2.68 x 108 T~1571)(6.628 x 1073* J5)(9.38 T)

= 2.650 x 1072>
2T J

-2
v= 2o 290X J _ 400 x 106 s1= 400 MHz
h 6.626 X 1034 Js
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Boltzmann distribution "“,._"_?:_:'-_i_.,;_ urfsT

" ULSAN NATIONAL INS F
b ey

N AE
V = _B = ekT
N

For 'H in 9.38 T magnet field

N 2.650 X 10725 J
B — (138X 1022 J/K)(298K) = 0.0000403 — 1 000064

a

a:f =1.000064:1 — 107> (Thermal Equilibration)

l'\l'lO = “bulk magnetization”,

a = 1.000064 sum of all spin vectors
‘é, ' precessing about B,
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Factors of sensitivity

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

Nuclei of Major Interest to NMR Spectroscopists

" Abundance
t Isotope (%) Z Spin u

" Relative* ¥a al
¥ % 107" sensitivity 1T (MH2)

N hB
—ﬁ = e_()Z/TL'k'?") ‘
Ng

:__ great nucleus. 'H ‘ 99.9844 I 1 12 27927 | 26752 | 1 42.57

E = H 0015 1 1 08574 04107 6.536

— g 18.83 5 3 1.8006  0.2875 4,575

lig £1.17 s 32 2.6880 0.8581 13 60

To enhance sensitivity notsogreat.  “'c 6 112 0702 X 32 10708
“N 99.635 7T 1 0.4036  0.1933 3.076

poor. N 0365 | 7 172 -0.2830 | 02| X300 315

BO T y T T l also great. "F 100 9 172 26273 | 25167 0.83 40.055

¥s; 4.70 14 172 -0.5548 —0.5316 8.460

also great.

4
“p 100 i 1S 172 1.1308 lmszqiﬁ.bsum 17.235

* Magnetic moment in units of the nuclear magneton, ek /(3uM,c)
* Magnetogyric ratio in S units.

s “ For equal numbers of nuclei at constant field.
Vo© Ton
magnet
e _ T cryogenic
e — o L‘r i@ ryp,ibe helium
T—— ! cylinder
B |
e S ! cryogenic
S ‘ cooler helium
1 compressor
B“I 473T 946T M.75T J G
v, (H) 200MHz ~ 400MHz 500 MHz \ vanster
_-’
v, (12C) 50 MHz  100MHz 125 MHz . < = o

100 MHz=235T
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S/N (Signal to Noise) ratio = urfiEr

SIN~nY B, (NS)**
Number of spins Number of scans
1. Ao Jh=0f Hle(2, =5 =0 H)
2. HILXZ7|H/7|EXZ|EL] 372 Mela 4k 45

3. &2UW=9| Y, M&

600 MHz + Cryo(N2) = 950 MHz

400 - '
950\ = 1.99 3.96 X 4
600 o '
950\ " = 3.66 13.40
OO _ " "
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Summary e

No magnetic field (B,) Spins in magnetic field (B,)
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3. Pulse sequence
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Laboratory & Rotating frame

<Laboratory frame> <Rotating frame>

& z

Magnetization
vector

agnetization
vector

/\

X'-——9

M

Merny-go-round viewed from the laboratory frame

http://chem.ch.huji.ac.il/nmr/techniques/1d/pulseq.htm UX|QELEH|ISXIE | 24



Laboratory & Rotating frame

Applied magnetic field

4
Precessional ~ E B
orhit e 5
Spinning
nucleus

mssprssssscsdecccas

urisT

~UESAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Resonant magnetic field

Static magnetic field
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One pulse

Basic 1D NMR

0 : pulse width(us)
0 ¢ : pulse phase

}‘7 t, —’|

&{mwwv M\WWV s
Induction Decay)

Delay
‘ time

A

I.lrllE I'

_UESAN NATIONAL INSTITUTE OF
SI‘:IEN 3 AND TECHNULUG\

£

I=-1/2 —‘[

Excitation
—>

AE

/d( Relaxation
B  ——
r=#122—% _

Ground state Excited state
Lowest energy state Highest energy state

NMR

Parameter

D1 (Relaxation delay time)

P1 (Pulse width)
PLW1 (Power level)

AQ (Acquisition time)
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Excitation e L L

0 : pulse width(us)

2 0, ¢ : pulse phase
R —
Delay H _
. time 1
FID
I |:| 1
&
Receiver caoill
g Z
Oscillator coil (B4)
S
B, =
(©
~N
=
Q
z C
| ©
~ | > Y
M .
g
M, ~ O
— ; &S
@ N
G
8, 8,
x
a8 =30° 90"
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Relaxation EEEE L LM
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0 : pulse width(us)
0 ¢ : pulse phase

HAXHERBHwSAE | 28



Relaxation

T1 relaxation (recovery) 12«:_‘5 o

- longitudinal relaxation il

- spin-lattice relaxation .

T1

Time .

T2 relaxation (decay) sinal ™|

- transverse relaxation B

- spin-spin relaxation o e
Time

.
.

http://www.youtube.com/watch?v=ZHtfnNAz-UM&list=PL40F1EEQODF59D777A
http://www.youtube.com/watch?v=LvyADhrgc s&list=PL40F1EEQDF59D777A

urfsT

~ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

0 : pulse width(us)
0 ¢ : pulse phase

HAXHERBHuSAE | 29



FID (Free Induction Decay) | urfsT

~UESAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

0 : pulse width(us)

— - T\\ ¥ 0, ¢ : pulse phase
3 ¢ i X
% AN — 4 —
} .('*" b i“-. Delay
5. i < - E \' \ time > i 1
\ » ! Y .
\‘\\ :'? g r ‘i s \\‘\ im
e ' ‘ FID
N, ol ¢ ) D
-
{ = \ &Y . : |
o - } |
| =3 | - | ]
[ . N\
) il 1 *.
y —= e o
! : Q.,.:_/j‘\ W -
| - N
U )\
3 N
{ r \
:: \\“
N\

1/v

https://www.youtube.com/watch?v=IKp671qQjH4&index=1&list=PL4A0OF1EEODF59D777A iFx|lE e A meXE | 30
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Pulse width (pw) 90° _- urfsT

0 : pulse width(us)
0 ¢ : pulse phase

Detected Sp ectrurm
Q0" Puls=e Signal

45° PUls=

=
%

;
; 180" 270°
/2 n 3n/2

flip angle

2

225" Puls=

79@@/\/\%

=
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Dat q isiti P ol
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For example, number of scan = 4

0 0 0 4
Loyl | e [ 1, “—me | | iy F?ﬂZL’H m
™ [T ‘ 7 F‘IP‘ “ |:||'_) !
([ i

FID I
" I WM ‘\“‘

Lo I Lo Lo

Scan=1 J Scan = JL Scan=1 Scan =1

Hz) V(Hz)

A

A
4
<
—~
I
N
N

A

V(Hz) V(

)’ v ' 4 7%

l, Stacking

JL“
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AQ + D1

P »'
<€ >

AQ+D1=T1%*1.3 (Maximum S/N ratio)

Normalized intensity

s = =
= = =) -

=
¥

-

=T1*3 (Integration accuracy = 90 %)
=T1*5 (Integration accuracy = 99 %)
=T1*7 (Integration accuracy = 99.9 %)

Figure 2: Sensitivity Dependence on Rotation Angle and Recycle Time

F4 z z z z
e L
> "
\\ - ’
X X X
M, follows an exponential recovery,
o recovering towards its equilibrium value
AN ot M, with a time constant T1

===

T1 relaxation time

time

T1=3s

AQ+D1=T1*5

AQ + D1 =15sfor90°

AQ + D1 = 5sfor30°[1/3]

(Low angle = short experiment time)
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Parameter calibration urns T

1. Find P1 (for 90 °, maximum intensity) 3. Find AQ
1) AQ=FID*2-3

1) Find P1 for 180 ° (zero intensity) = dwell time * complex point
0 : pulse width(ps)

2) % (P1for180°)=P1for90° e

Delay : F_ h —
L JLL L_ " iy,
% T T I | X K

é 1?.;02. ﬁiwz/
’ T fipangle - - AQ >
A
2. Find Emfmpul"i/ l; f \ FID
1) AQ+D1=T1*3~5 J ’a (\ /\. ﬁx Nn A~ .
2) Measure T1 relaxation time ! f | l\ [ | { 7 \‘\ / \K;/}-,’i\"’t
a. tlirld (Find D7null, short exp.) \/’ \j U’ \\,/ 5',‘1’-?':”" o
b. tlir (Find T1, long exp.) BTN -
BNV 724
T1* In(2) = D7null ————
T1=D7null * 1.443 :

HAXHEFBHuSAE | 34
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T2 relaxation e UPST

0 : pulse width(us)
0 ¢ : pulse phase

HF 4 —

Laboratory Rotating
frame frame
S R 0l e
\ ,rf ,_/
T2* o e ] -v
"\\‘h-\-""»\.
\ | / \ ; \
i
i ¥ |

http://chem.ch.huji.ac.il/nmr/techniques/1d/pulseq.htm
K| ER 2| WEXE | 35
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T,* relaxation time (T, in rotating frame) - = UrisT

L L INSTITUTE OF
SCIENCE AND TECHNOLOGY

(D) (E)

Av-Ar =1

If Ar (ie., Ty*) is small, then Aw is large, and
the peak is therefore broad. 7.*, whose major com-
ponent is field inhomogeneity is the principal determin-
ing factor for peak width since 7,* is always less than
I'orT,.
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Tumbling rate vs Magnetic field I urfeT

Small Higher Lower
10 = . Field . /
Molecules . ~~ Field
1 |
A Water/CSF 4000
10" + &
Gray matter 900 90
T, T,
102 Large molecules Muscle 900 50
Polymers, proteins .
2 Liver 500 park 40 park
Fat 25(0 Bright 70 Bright
10%
Tendon 400 D
o Solids )
105 1/vy = 10* at 100 MHz Proteins 250 0.1-1.0
i i i ; 1 ; : ; 1 Ice 5000 0.001
w* " 9 % 9 W w w u°
Te (correlation time)
Increasing viscosity or molecular size -——=
Power Spectral Density Relaxation time Power Spectral Density Relaxation time
‘ —, T [=—Stow Tumsing | | [T,
| =1 |
g Sl‘(-)1)x(1ﬂT2) = § I_Sm‘““?.' !'_x
?:’;\I S(e)c(1T,) g -§ \ IE
& §
5 .
$ : :
= (=
Frequency Resonant frequency o, Tumbling autocorrelation time «_
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COSY (Correlation SpectroscopY)  ~ uUrfsT

<Pulse sequence of COSY>

/2 /2 (90°)
i . -
<= Preparation P ¢ Evolution P% Acquisition =P

<Vector of 2D NMR>

M,
T/ LN VA e
V4 _’7%—' VP

M=Mye  ©/12 Msin2nvt, I Mcos2mvt,

<Example of 2D NMR >

Contour

F1

F2

SR Yulusitz | 38
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Correlation in 2D NMR coe g . WS

Bonding Space

Scalar coupling Dipolar coupling
(J Coupling)

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

T T boun ™ I3un 1H-1H COSY Small < 700 Da < Middle < 1.2 kDa < Large

X=—X Distance=3~5A

H H Hooy L~ 1H-1H TOCSY H’ ‘H

n TI T T I 1H-1H NOESY

X X X | | 1H-1H ROESY
X=—X

H H ] 1H-X HSQC

| 1 | 1hX 1H-X HMQC H H

X —— X X->1H HETCOR I \ I 2D HOESY
X=—X

T T Doy ™ Janx 1H-X HMBC

X=X Motion

X-X COSY . . . .

- DOSY (Diffusion

H H X-X INADEQUATE Self-Diffusion ( )

I — I o H-X-X-H Tumbli T1 (Inversion recovery)
umbliin

X — AQDEQUATE g T2 (CPMG)

Protein dynamics elucidated by NMR technique, 2013 CX| 2R EHlusXlE | 39
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Correlation in 2D NMR JrnsT

T1, T2 relaxation Exchange (EXSY)

Exfl'ffge (Molecular tumbling rate) NOE (NOESY/ROESY)
— T Diffusion (DOSY)

NOE v T1, T2 (Inversion recovery, CPMG)

-

—— J
o Side Chain Rotation

g s Ligand Binding, All-oslery. Catalysis
. . g F { | i i i F n :
Self diffusion S e Transfer H Transfer Rotational Folding/Unfolding
o) b— Diffusion
"Vibration = H Bond |
Tme T
I | I 1
fs ps ns us ms S hr
» e r—
*g:; ; : PRE . CPMG " ]
E " R,R,NOE Lineshape  NH Exchange
o I I | | |
3 'Diffusion ' geoHARD, = CEST,
;J E-CPMG, ZZ-exchange
= R,.RD
2 I ; i

Residual Dipolar Coupling
Chemical Shift

Protein dynamics elucidated by NMR technique, 2013 CTX|ER EHlusgXlE | 40
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C13 with or without 1H Decoupling - - LrifsT

zg (-NOE, -DEC)

1T -
Ch2(obs): €13 —I—

Chi(dec): H1

zgdc (+NOE, +DEC)

li,
Ch2(obs): €13 —I-

+NOE DEC (CPD)

Chi(dec): H1

C13CPD
zgpg (+NOE, +DEC_Intensity)

— ““m‘h‘
Ch2(obs): C13 LI- A 4

Low power +NOE DEC (CPD)

Chi(dec): H1

NOE

(Signal enhancement)

zggd (+NOE, -DEC)

H“M'\'u-“ )
Ch2(obs): C13 il

i

Chl(dec): H1

zgcw (-NOE, +DEC_CW)

:

Ch2(obs): C13

Chi(dec): H1

C13IG
zgig (-NOE, +DEC, Integration)

.
Ch2(obs): C13 —I_ [Tr—

Chl(dec): H1

NOE -
(Signal enhancement)

HAXAERBHRSKE | 41
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NOE (Nuclear Overhauser Effect) | _urns L8

Dipolar coupling N/4 - A - NOE

T 1

Ca Ha
CB HP
11

N/4 + NOE W (Transition Probability)

CBHa W, = Zero quantum

i W, = Single quantum
W, = Double quantum

W, = 1H transition

W.. = 13C transition
+ A+ .
Hetero NOE (1H-13C) N/4 + A+ NOE S
NOE =1+ 3 ’ (T_H) 1 Crossﬁr/elaxa;;n rate . N = Total Nucleus
2 ) .
NOE =15~ * () A = Population
NOE =1+ 1.998 2 2W1 + w, + w, T p

Total longitudinal dipolar relaxation rate
NOE = 3 (Maximum enhancement)

HAXIAERBHRSKE | 42



4. Chemical shift
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Electron density e L L

less shielded more shielded

Figure 1.11  Nuclear shielding.

Carbonyl Methyl
*Less e- density *More e- density
*Nucleus ‘deshielded’ from By *Nucleus ‘shielded’ from B, by e-
*Feels the field (B.g) more *Feels the field (B.gy) less

http://web.mit.edu/speclab/www/PDF/DCIF-IntroNMRpart1-theory-o07.pdf
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Electron density 2 i LTS

TMS

Tetramethylsilane

methoxy methyl

carbonyl

downfield upfield

Increasing V decreasing B

- L
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Chemical shift

W E N

60 Mhz instrument

= Vier

ULSAN NAT{ NAL INSTITUTE nr
SCIENCE AND TECHNOLOGY

_v 6 —| l~—J=7Hz
(14,092 G magnet) & ppm) = f x 10 |
re [
|
TMS
Ii!IIII|JAA I:!lfAI[llJA
400 | 300 200 100 | | 0 v(Hz)
6 5 4 3 2 1 )
100 Mhz instrument | .! J=7Hz
(23,490 G magnet) |
I”
TMS
ﬂ | Ll gy L | 1 A I N A N I |A
400 300 200 |100 | 0 v (Hz)
4 3 2 | )
Low tield - B > High field

Low shielding
High frequency —«

High shielding

Low frequency
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JIEL ] P

300MH=z=

400MH=Z

500MH=

600MH=

800MH=

T T T T T T T T T T T T T T
2800 2600 2400 2200 2000 1800 1600 1400 1200 1000 800 600 400 200 Hz
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TABLE 13-2 Chemical Shifts
of the Chloromethanes

* More electronegative atoms
B deshield more and give larger
et 502 shift values.

2.8 ppm

» Effect decreases with
distance.

1.9 ppm . .
« Additional electronegative
5 atoms cause increase in

"‘l'l"l'll I fi‘i}.-."lf‘.'f-'_ﬁil chemical shift.

2 o 3 ppm. These changes are
nearly additive.

L WL W LN

AR YHlusiiz | 48



_ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

TH chemical shift Ee s WJPNST

Type of Proton Approximate 6 Type of Proton Approximate 6
alkane (—CH,) 0.9 >C=C< 17
CH
alkane (—CH,—) 1.3 .
Ph—H T2
alkane (—CH—) 1.4
| Ph—CH; 2.3
<“3 R—CHO 9-10
—L—CH, aul R—COOH 10-12
—C=C—H 2.5 R—OH variable, about 2-5
R—CH,—X - Ar—OH variable, about 47
(X = halogen, O)
R—NH, variable, about 1.5-4
S
/C—C\H 5-6

Note: These values are approximate, as all chemical shifts are affected by neighboring substituents. The
numbers given here assume that alkyl groups are the only other substituents present. A more complete
table of chemical shifts appears in Appendix 1.
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Aromatic proton circulation
§7-8 of electrons

Binduced
B, induced magnetic field

Acetylenic proton

.

Bindu%

B,

induced field
reinforces the
external field
(deshielding)

B, quceq Shields
the proton

H

Vinyl proton
Binduced 3 5-6

induced field
reinforces the
external field
(deshielding)

\—/Binduced\-/

N

Ainduced

Gl YHlusxtz | 50



Spin-Spin (J) coupling

chemical shift of HP

chemlcal shift of H?

Br Br Br Br

|
Br— C — Br—
B J L d}
0
opposes
H" reinforces field
field

HAX|¢2 S 2| w8kl | 51



Spin-Spin (J) coupling - N+1 rule

Peak splits by J-coupling - Pascal’s triangle

n n+1 Intensity ratio Multiplicity
0 1 1 Singlet
1 2 11 Doublet
2 3 121 Triplet
3 4 1331 Quartet
4 5 1464 1 Quintet
5 6 15101051 Sextet

n: number of equivalent neighboring nuclear

HPXIHERBHRSKE | 52



2nl+1 rule

H(Proton): I=1/2
D(Deuterium): I1=1

H
T
D D
D D

S imi—y
TIONAL INSTITUTE OF

ULSAN NA

SCIENCE AND TECHNOLOGY

2nl+1 rule

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

2)p:2*2*1+1=5(Quintet)
202 % 2% 1/2+1=3(Triplet)

Coupling constant
2),p = Hz

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

IPA|RlE B u Skt

| 53
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Spin-Spin (J) coupling - Ethyl acetate L urisT

Ethyl acetate

Spin-Spin Splitting patterns
H,C ®) CH, 1 Singlet. 3 u:'-i']qui'nuf.alelntEI

o protons. Not coupled to any

/ \/ \ o=z ppm neighboring protons.

1 / 3

0O 2

2. Quartet. 2 equivalent

protons. Split (1:3:3:1)
3 because coupled to the 3
"Hs at the 2 position.
0=1.7
0=4.1 ppm ppm | 3. Triplet. 3 equivalent
protons. Split (1:2:1)
2 because coupled to the 2
. Hs at the 3 position.
T T 1 | L | | | | | |
11 10 9 8 7 & 5 4 3 z 1 0

pprm

Multiplicity = N (# of neighbors) + 1

HAXIHEFBHRSAE | 54



_ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

NMR Information e L L

<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

AR YHlustz | 55



5. Tuning & Matching

Lock & Shim
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Tuning & Matching S urfeT

Wobble signal S

AE ('H)
£y
:'E :'E vp =400 MHz
s =
~ \\/’/
l | 2
. il
P
Tuning is the process of adjusting this frequency until it Matching is the process of adjusting the impedance of the
coincides with the frequency of the pulses transmitted to the resonant circuit until it corresponds with the impedance of the
circuit. For example, the frequency at which the 'H resonant transmission line connected to it. This impedance is 50Q;.
circuit is most sensitive must be set to the carrier frequency Correct matching minimizes the power that is transmitted to the

of the 'H pulses. coil

AR Yelusitz | 57
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Before tuning and matching After tuning and matching

MMR sample

~

| Large No reflection
Sander/ :
i reflection
cail Ill ‘
\ Weak Strong
| NMR NMR
! signal signal
T —l—
Tuning capacitor
~ M -
hi' % Matching capacitor —_— —_—

a H’ 2| b c
T K ;
\l _,_%] M E} Matching = _E
< 1] ©
I 1 Tuning
Frequency Freguency
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Tuning & Matching urfsT

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%), 35CI(9.7%)

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

1H 31p 7L 13C 15N 335 109Ag
(100%) (40%) (38%) (25%) (10%) (7.6%) (4.65%)
27Al 35Cl 25Mg
(26%) (9.7%) (6.1%)

https://kodu.ut.ee/~laurit/AK2/NMR _tables_Bruker2012.pdf ITR|QlE R S mSlR | 59
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NMR Frequency table ’ ; sourfsT

ULSAN MJ\T\L!NM (LE xIlTIJ]'F
SCIENCE AND TECHNO

A [ sym va [MHz] RulH) RualC) Reference = [MHz]
79| Se 5.2072
79 Br 25,1404 237E+02 0.01 M NaBr in D:0 25 053880
81| Br 27.0997 2.BBE+02 0.01 M NaBr in 0,0 27.00651
B3| Kr 3.8617 1.2BE+00 Krgas 3.84 7600
BE| R 9.6916 4 50E+01 0.01 M RbClin 0,0 965494
87| Rb 32.8436 2.90E+02 0.01 M RbCl in D0 32 720454
87| & 4.3508 1.12E+00 0.5 M SiCl: in 0,0 4.333822
Bo|Y 49203 7.00E-D1 ¥ING,l, in H0/0,0 4.900198
Theoretical Molar Recaptivity Reference Sample Measured. 91| Zr 9.3354 L 26E+00 ZriCsHel:Cly in CHyCli{zat.) + 5% CaDs 296298
NMR Freq. | Receptivity | at Nat. Abund. NMR Freq. 83| Np 24 5488 BTE+03 KIMBCle] in CHLCN / CDLC [sat ) 24476170
[frea atom) (rel. 'H} {ral. 2C) fral. 'H raf) 95 Mo 6.5467 OBE+00 2 M Na;MoO: in D:0 6.516926
A | Sym vy [MHz] Ru{H) Rua{C) Refarence = [MHa] 57| Mo 5.66840 ORE 00 7 M Na,Mod, in 0,0 6.653605
1 |n 684979 | 321E-0 89| Mo 13.4272
1[H 100.0000 _O0E+00 5 B7E+03 1% MeSi in CDCly 100.000000 99| Te 22 6161 NH.TcOs in H,0 / 0,0 22 50B326
2D 153606 BRE-0 B.6IE-03 i 15 350609 99| Rui .5003 B.46E-01 0.3 M K.IRulCNI] in D,O 605151
3T 106.6640 P1E+0D 106.663074 101 | Au 5.1274 1.58E+00 0.3 M Ks[Ru{CNJa] in D0 5.161369
3 |Ha 761767 A2E-01 9.4BE-03 76.178976 03] Rh 3.1662 1.B6E=01 Rhiacac)s in CDCls (sat.) 3.186447
6L 14.7170 | B50E-03 3.79E+00 14716086 | 105 Pd 4.5075 1 49E+00 K:PdCly in D0 {sat) 4576100
7|0 386667 | 2. 04E-D1 1 50E+03 IB.E6I7TT 07 | Ay 40704 2.05E-01 AgNO. in D,0 (sat] 4047819
9 |Be 14.0536 1.39E-02 B.16E+01 043m Beso, in D:0 14.051813 08] Ag 46795 2.90E-01 AgND: in D20 (sat) 4663533
10[B 10.7456 1.99E-02 2.32E+01 15% BF:.E;0 in COCly 10.743658 1]Cd 21.3003 7.27E+00 Me.Cd neat lig. 21.215480
11 [B 32,0897 1.65E-01 7.77E+02 15% BF, EL,0 in COCl, 32 063974 3|Cd 22 2820 7.94E+00 Ile,Cd neat lig. 22193175
13]|C 261504 1.59E-02 1.00E+00 1% MeySi in CDCls 95 145020 3lIn 21.9963 8.B5E+01 0.1 M In{NOsls in D20 + 0.5 M DNOs 21.8685755
DSS in D:0 25.144953 5] in 27 0436 1.99E+03 50 + 0.5 M DNDy 71912629
14 [N 7.2285 1.01E-03 5.90E+00 MeNO; + 10% CDCls 7.226317 5]5n 32.6994 711E-01 5% CaDe 32.718749
15 [N 10.1398 1.04E-03 2.73E-02 MeNO, + 10% COCl; 10.136767 71 5n 35,8430 / 2.08E+01 5% C 35632259
liquid NiH, 10132767 Sn 37.4986 5 27E-02 2 BBE+0 5% CeD 37290632
710 135617 | 2.01E-02 B.50E-07 D:0 13556457 21| Sb 24 0858 1.63E-0 5 4BE+02 KSbCly in CHaCN / CD4CN (sat) 23.930677
glF 940570 B.32E-0 A BOE+03 CCLF 94054011 | 123] 50 13.0425 4 BEE-02 1.17E+02 KSBClg in CHCMN f CDaCN (sat.} 12.959217
21 | Na 7 8987 2 A6E-D. 3.91E-02 Neon gas, 1.1 MPa 7 894796 25| Sh 13.4527 5. 11E-02
23 [Na 26.4683 9.27E-0. 5.45E+02 0.1 M NaClin D0 26.451900 23|Te 26.3870 1.84F-02 SE1E-01 Me:Te + 5% CaDe 26.169742
25 | Mg §.1260 2 GRE-03 1.5BE+00 11 M MaCk in 0,0 6.121635 25| Te 31.8136 3.22E-02 1.34E+01 Me:Te + 5% CaDe 31.549769
26 | Al 10.0399 05E-02 271 20.1462 9,540 5.BOE+02 0.07 M KlLin 0,0 20.007486
27 | Al 26.0774 2 07E-01 1.22E+03 1.1 m AHNO: & 26056859 | 1291 13.4067 5.06E-0:
FERE 19 BR26 7 A6E-03 2.16E+00 1% MesSiin 4 19867187 29| Xa 27.B560 2 16E=02 3.35E+01 Xe0F; neat liqg. 27 810186
IR 405178 | B.B5E-02 3O1E+02 H:PO, external 40 4B074Z 131 [ ¥a 87575 7 B2E-03 351E+00 WeOF, neat lig. 8243921
(MaO),PO intarnal 40480864 133 Cs 13,2073 4 BAE-D2 TEBAEL(2 0.1 M CaNO, in 0,0 13118142
13 | S 7.6842 2 37E-03 _00E-01 (NH.):S0, in D0 (sat.) 7.676000 5] Ba 10.0092 5.01E-03 1.94E+00 0.5 M BaCl; in D:0 9.934457
5 [cCl 8093 FIE-L A0E+01 0.1 M NaCl in D:0 4.747000 7| Ba 11.1874 7.00E-03 4.62E+00 0.5 M BaCl; in D:0 11.112928
7 |l 1652 2 72E-00 _BBE+00 0.1 M NaClin D,0 8.166725 7]Lla 13.7852 5.50E-02
9 | Ar 1298 | 1.13E-0 138] La 13.2970 9.40E-02 4.97E-01 LaCly in D;0 / H0 13.194300
9 [k 6727 | BA0E-D4 2.79E+00 0.1 M KClin 0.0 A666373 138] La 142356 6.06E-02 3.56E+02 0.01 M LaCh in D:0 14.125641
40 |k 5.8059 5.23E-03 3.59E-03 0.1 M KClin D:0 5.802018 138 Ce 12.6514 1.01E-02
41 [K 25648 | B.44E-0 3.34E-02 0.1 M KClin D,0 2.561305 1411 Ce 55785 3.64E-03
41 | Ca 81675 | 1.14E-02 41| Pr 30.6168 3.35E-01 1.97E+03
43 | Ca 67359 | B.A3E-00 5.10E=02 0.1 M CaCl; in D:0 6730029 43| Nd 5.4476 3.39E-03 2.A3E+00
45 [Sc 243799 | 302E-D 1.78E+03 0.08 M S¢iND,), in D0 24291747 | 145} Nd 3.3585 | 7.93E-04 287E-01
47 [T 56464 7 10E-03 §.18E-01 TiCl, neat + 10% Cglyg 5637534 45| Pm 27.2124 2.35E-01
49 | Ti 8479 3.78E-03 1.20E+00 TiCl neat + 10% CeDis 5.635037 47| Sm 41678 1.52E-03 1.34E+00
50 [V 9879 | EE7E-00 8.1BE-01 VOCls + 5% CaDs 9.870309 431 5m 34358 B.52E-04 6.92E-01
51|V 76,3362 | 3.84E-D 2.35E+03 VOCL, + 5% G0 26302948 511 Eu 24.8614 1.79E-01 5.04E+02
63 | Cr 56638 | 0.08E-04 5.07E-01 KoCrO, in DO (sat) 5.652496 | 153 | Eu 10.9737 54E-02 4. 73E+01
53 [Mn 756983 | 3.56E-01 | 155] Gd .0EB7 AGE-04 1.2BE-01
55 | Min 24 BADD 1.79E-D1 1.06E+03 0.82 m KMnO. in D:0 24 789218 | 157 | Gd 4.0258 -26E-04 3.00E-01
57 | Fe 3.2448 3.A42E-05 4.25E-03 Fe{COL + 20% CyDy 3.237778 188 T 24.0376 6.94E-02 4.08E+02
59 | Fe 4.007 22E-04 61 Dy 3.4374 4. 7AE-04 5.26E-01
59 | Co 23,667  JEE-0 1.64E+03 0.56 m KIColCh)d in D.0 23727074 63| Dy 4.8195 SE-03 1.91E+00
0 | Co 13602 GE-0 | 163 Ho 21,6369 A3E-D
1 [ Ni 8.951 JG9E-03 2 A0E-01 Ni{COJ + 5% CeDs 8.936051 | 165 Ho 21.13686 S8E-0 1.16E+03
3 | Cu 265839 _39E-0; 3.87E4+02 [CulCH:CN)LICIOA] in CHACN {sat.) + 5% Calk 26515473 66| Ho .2072 5.83E-02 {+6 kel excited state)
65 | Cu 284250 1.16E-01 2.0BE+02 [CulCH.CNLICIO4] in CHACN [sat.) + 5% CuDs 28403693 | 167 ] Er 28842 5.04E-04 6.77E-01
67 | Zn 6.2675 2 87E-03 6.92E-01 Zn(NOst, in D0 (sat} 6 256803 | 169 Er 17.3658 5.24E-03
69 | Ga 24.0685 6.97E-02 2 4BE+02 in D;0 24.001354 168 | Tm 8.2711 5.66E-04 3.32E+00
1 [Ga 305813 | 1.43E-01 3.36E+02 30.496704 171 Tm 8.1637 5 44E-04
73 [ Ge 4980 | 1.41E03 BAAE-D1 Me,Ga + 5% G0, FABEITE 171 Yo 17.6762 5 EZE-03 A.B3E+00 0.171 M Ybin-C-Megl, (THF), in THF 17499306
75 | As 17.1804 | 2 54E-02 1.49E+02 0.5 M NaAsF; in CD:CN 17.122614 173[ Yb ] 1.35E-03 1.28E+00
77 | Se 19.1587 7.03E-03 3.15E+00 Me;Se + 5% CeDs 19.071512 175] Ly 14185 3.13E-02 1.79E+02
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A | Sym va IMHz] RulH) RuafC) Reference = [MHz]
176 Lu 2.1049 3.98E-02 6.05E+00
177 Hi 4. 0588 1.40E-03 1.63E+00
178 Hi 2.5502 5.47E=04 4.38E-01
178| Ta 11.7085 3.37E=02
180 Ta 9.5979 1.06E-01 7.4BE-02 (+77 keV excited siata)
181 Ta 12.1254 3.74E=02 2.20E+02 KTaCle im CHiCN isat.} 11.885600
183 | W 4.2174 7.50E-05 6.31E=02 1 B Na: W0 in w0 4. 166387
185 Re 22 8233 1.39E-01 3.06E+02 0.1 M KReQ, in DO 22 524600
187 | Re 23.0568 1.43E-01 5.28E+02 0.1 M KReD, in D0 22751600
187 | Os 2.3149 1.24E=-05 1.43E-03 088 M Ds0. in CCls 2.282331
189 | Os 7.B765 2.44E-03 2.32E+00 098 M OsO. in CCls 7.765400
191 | Ir 1.7986 2.91E-05 6.38E-02
18931 Ir 1.8538 3.73E-D5 1.37E-01
195 Pt 21.8243 1.04E=02 2.07E+01 1.2 M Na:PiCls in 0.0 21 496784
197 | Au 1.7683 2.76E=05 1.62E-01
1898 | Hg 18.1136 5.94E-03 5.89E+00 e Hg neat g, (toxic!} 17.8910822
201 | Hg 5.6864 1.49E-03 1.16E+00 Ie:Hg neat lig. (toxic!) 6.611583
203( T 53.0862 1.96E-01 3.40E+02 THMO ks 57.123200
2061 T 58.6575 2.02E=01 83.36E+02 THMNO .} 57 683838
205] Pb 5.0966 1.54E=03
207 | Po 20.8458 1.18E+01 MesPb + 5% C:D 20.9206589
208 | Bi 16.3525 3.48E+02 BilMO.}, =3t in conc. HNO. + 50% D.O 16.0692E88
2081 Po 24 3479
211 | Rn 21.5193
2121 Fr 16.8423 1.81E=01
225 | Ra 26.2814 1.82E-02
227 | Ac 13.1288 1.13E=02
2291 Th 3.28 4.17E=04
231 | Pa 23.98599 6.90E-02 4.06E+02
233U 4.2251 8.80E-04
36U 1.9437 1.54E=04 6.53E-03 UFs + 10% CaDa 1.8471400
2381 U
237 | Np 22 4860 1.33E-01
239 Pu 7.2686 3.84E=04
241 [ Pu 4.8696 1.35E-03
241 | Ami 11.3146 1.69E-02
243 | Am 10.7417 1.45E-02
243 [ Cm 2.9361 2.95E-04
245 | Cmi 2.5676 3.51E-04
247 | Cm 1.4720 1.05E-04
249 | Bk 10.2302 2.25E-02
253 | Es 20.9719 1.94E-01
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Locking & Shimming i urfsT

Locking B, Shimming B,

Locking is to stabilize B, time to time. When Shimming is to homogenize B, in the sample
locking is activated, the feedback-control of B, is space. Bio-NMR uses about 40 different shims
achieved by reading the 2H signal and adjusting  to achieve this goal. The main shim sets that
the Z, shim. users must check are Z1, 722, Z3, Z4, X1, Y1, XZ
and YZ.
A

r:T ".] BO V —
W= v
Time ] Time ] Sample Space

BIX[HEF HH U= | 62
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Shimming | urfsT

SHIM 1S OK 2-nd order 2-nd order
asymme
1-st order 1-st order Sk‘]'";}'fd in lhell')' Sl:ie‘-;fd
symmetric, upper part =
broad or of the line
split top
1-st & 2-nd orders
A shoulder on a peak
is a common distortion.
4-th order 4-th order 3-rd & 4-th orders

broad hump
very close to

asymmetric
broad tails

SKETCHES OF LINE DISTORTIONS CAUSED BY VARIOUS GRADIENTS

the baseline
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Interaction in Solid-state NMR

E. Shift Interactions

Nuclear—Electron Spin

Chemical/Knight Shift
Anisotropy (CSA/KSA)

Frequency

AN e

Chemical Shift || Knight Shift || Fermi Contact Shift

‘ M Unpaired
e L{' Electrons
M e.g. LiMn,0,
E
Through Bond

Conduction ‘ Fermi Contact
Electrons oo (FC) Shift

(Unpaired)

§ Pake Doublet
Central

_/ K Satellite Transitions Transition
” EFG ___LJU\ M
[ - 1 (1

Frequency

\

Quadrupole fi»'eiquierlcy

Frequency =
Moment k

urfsT
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Dipole Interaction Fermi Contact Interaction

Fermi Contact

VY

\
‘> 1 \
b
1 eZT
b
Electron - oM
Nucleus " Electron spin N -
b f with spin, otk oI
with spin P inside the nucleus i;‘/. Fetmi C
outside Pauli mi Contact
Principle
nucleus

Chemical shift: Interaction for valence electron
Knight shift: Interaction for unpaired electron
1=3/2 Hy Hy + Ha Ha

- =

£ =32
-1/2 i #
P 7
T
| <
112 e ! i 112

Energy

Energy state
2nl+l =4

va

Figure 2.2: Result of the combination of the Zeeman and the quadrupole interaction
for a Spin I = 3/2 muclei in an external magnetic field.
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Hamiltonian in NMR

Hroma= Hz + Hp + Hye + Heg + Hg + o

13C NMR Dipolar Scalar
At9.4T (J-coupling)
HZ HD

In solution

In solid

How to
remove

100 MHz
100 MHz

(Through space
between spin)

0 kHz
Up to 100 kHz

Dipolar
decoupling

(Through bond of
electrons)

~ 400 Hz
Up to 10 kHz

Scalar
decoupling

Chemical shift Quadrupolar
Hes Hq

Isotropic value 0
Up to 100 kHz Up to MHz
CSA
(Chemical Shift Anisotropy)
MAS MAS
(Magic Angle Spinning) (Magic Angle Spinning)
High field NMR
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Solid-state NMR T ureT

Salt
(Solute)

L3 >
> Solution *C NMR

Dissolve

Water
(Solvent)

Salt
Solution

Solid State *C NMR

Salt
(Solut% _/\)
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CSA (Chemical Shift Anisotropy) urfsT

Isotropic value
(Solution)

Uxﬂ GK}' U?{Z
-~
51 6=|%x Oy Oy
—* 9
Uy, - e
5 orientations
e de
: Oy & =u"-dpas‘u
_ —
.“| u 1 d. n=1
P R
|- “ 8,018y,
> > 0 11 0 0
U ¥ where dpas=| 0 &5, 0 :
22", PAS 22 5 i
b Figure 2.12. The effect of CSA on NMR spectra: a) [sotropic signal in solution-state
0 0 6 3 3 NMR as a result of rapid motional averaging. b, ¢ and d) Powder patterns observed at
A different values of the asymmetry parameter ).
X P
asymmetry parameter = n (eta)

O and u = (u; I=: Uzis u33=}
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Magic Angle Spinning (MAS) urfsT

Isotropic value

Viso Viso
p BUA 1 kHz
" x8
A, : 15 <10 5 0 5 10 15 15 -0 5 0 5 10 15
i ™ ' .
Ffi1,11)| :
H L i
,, s Viso Viso
il 6=54 74°
me a1k g v, 3 kHz | 10 kHz
s s 4
2
» x2 x1
_ = 45 -0 5 0 5 10 15 s <10 -5 0 5 10 15
X 4 v/ kHz v/ kHz

F igll re 2.17. The unit cube r epresentation of the magic angle (/ Eﬁ ) and sample rotation at Figure 3. Numerical simulations demonstrating the effect of magic-angle spinning (MAS) upon the

the magic angle with a frequency v: (right). solid-state NMR line shape of a spin-1/2 nucleus with dominant line broadening due to the magnetic
shielding anisotropy. Spinning sidebands are located at integer multiples of the rotor frequency.

? 4

wp(6) = 2nvp(0) = ¥Bo|1 — 00 — %AG(SCGSZQ - l) |

1 )

0 =54.7°
3cos"20-1=0
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Spinning side band e

spinning rate

10kHz

5kHz
* *
3kHz
* % * *
. i i
2kHz

- %

—

—
*

kHz
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Pulse sequence in Solid-state NMR urfsT

DP (Direct-Polarization, One-pulse) Gyrotron (L-He)

Acquisition s IR o
i . VA N N ~ Klystron (L-N2, efficiency = 80%)
Ch2(obs): €13 i e T
- o ; -
RF rotating frame: @y, ~ @y | Matched frequencies ' _'..‘F
Chl(dec): H1 D et M s L

Hartmann Hahn match
CP (Cross-Polarization)

Contact Acquisition
D1 time ““”
Ch2(obs): C13 -

I L

Chi(dec): H1

DNP (Dynamic-Nuclear-Polarization)

“ Acquisition
U\MH .
’ ‘ il h

D1

Ch2(obs): X

oipx|gEE BH|neXiE | 71
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Application of solid state NMR  urf=r

Organic complexes Food products

Inorganic complexes Wood

Zeolites Ceramics

Mesoporous solids Bones

Microporous solids Semiconductors
Aluminosilicates/phosphates Metals and alloys
Minerals Archaelogical specimens
Biological molecules Polymers

Glasses Resins

Cements Surfaces

But, Fine particle + at least 20mg

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

bare

.-_--""""'-—--'=_.1| s
) i
L= r Tl
E:-.I.-i = s proki
L_Eﬂi[! | section

&

nmr consola

workstation
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Sample and spinner I ' He port
VAN L1 | Preen

Magnet diagram " 2. u rsT

—~
~t—— Shim Coils —» l
v Shim Stack
‘ (B
- [
Q
T Probe =
T Bin els
— Lower Shim Stack .
superconducting
coil
y  shim Cails ||| ,
Tr.;nqmurrﬁr'#"""- | PerE hEBd
Pl —
Prabe

AR YHlusiz | 75



_ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Varian 600 MHz NMR e

.- .
g :
g 11| T E‘-- Location 102-B119
! | &R
=
; | r Measurement Type Self / Request
: | Model VNMRS 600 (Varian)
4 | Magnet 141T
Channel 3 channel
5 mm PFG Auto X DB probe
VARIAN

5 mm Automated triple resonance probe
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
Chi:™H, 1°F
Channel Ch2 : 170MHz(3'P) ~ 150 MHz (3C)

Ch3 : 150MHz('3C) ~ 60 MHz ('°N)

Temperature -60 ~ 100 °C

HAXIAEFBHRSAE | 76



Bruker 400 MHz NMR

o}
0
¥
T
=
. o
-
L

Location

Measurement Type

Model

Magnet

Channel

Probe

Auto-sampler

Auto-tuning & matching

Power

Channel

Temperature

urisT

ULSAN NATIONAL INSTITUTE OF

SCIENCE AND TECHNOLOGY

102-B119
Self / Request
AVANCE Il HD (Bruker)
94T

2 channel

BBO probe

o

o

100 W / 500 W

Ch1:'H, '°F
Ch2 : 160MHz('3c) ~
49 MHz ('°N)

-150 (20) ~ 150 °C

IPA|RlE B u Skt
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Cryogemc Bruker 600 MHz NMR (Jan, 2023) urfsT

Location

s
3

Ascend™600 /&y

Measurement Type

Model

Magnet

Channel

Probe

Auto-sampler

Auto-tuning & matching

Power

Channel

Temperature

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

_UESAN NATI F
SI‘:IEN EANBTELHNULU \

102-B119
Self / Request
AVANCE NEO

1417

2 channel

5 mm Prodigy probe
5 mm |-probe

0]

0]

300 W /500 W

Ch1l:™H

Ch2 : 240MHz(37P) ~ 27.6 MHz (1%°Ag), 1°F

-150~ 150 °C

R YHlusiiz | 78
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urfsT

ULSAN NATIONAL INSTITUTE OF

NMR solvent

SCIENCE AND TECHNOLOGY

Dielectric constant : Polar > 20 > Non-polar NMR Solvent Storage
Avoid light & moisture: All NMR solvent

D O

Cl D;C~  ~CDj;

CDCI3 DMSO-D6
» Dielectric constant: 4.8 = Dielectric constant: 46.7
» Advantage: » Advantage:

- Cheap, - Strong lock signal

- Easily Removed
» Disadvantage:

» Disadvantage: - High price
- Light sensitive(Contain HCI) - Highly viscosity
- Toxic, carcinogenic - Easily contain water
- Weak lock signal - M.P.: 20 ~ 22 °C (Freeze RT)
- Easily evaporated - Hard removed

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

Store refrigerator (4°C): CDCI3, THF-D8

O
D/ \D

D20
» Dielectric constant: 78.5
» Advantage:

- Cheap

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

HAXIAEFBHuSAE | 80
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Caution _- £ ul rfsTr

CDCI3 + Light -> HCI

= Use silver foil (;l i (;l C'l\
(Stabilizer, radical scavenger) Cl-C-H +[0] —> C1-C -OH —> =0 + HCI

= Use molecular sieve | '

‘ C1 (Phosgene gas)

(Eliminate H20) Cl Cl
Change of chemical shift
» Temperature
n pH
= Concentration
HOD peaks
» Related residual H20
= Slow exchange H20 and HOD

— two peaks

(singlet H20, 1:1:1 triplet HOD)

» Hydrogen bond

— Broad peak of HOD
How to remove residual water « 3 A: Adsorption of polar liquid (NH3, H20)

— Use Molecular Sieve 3~5 g in 100g (CDCI3) . 4 A: Adsorption of Non-polar liquid
(H20, CO2, SO2, H2S, C2H4, C2H6, C3H6, EtOH)
« 5 A: Adsorption of Linear CxHx to n-C4H10

Alcohols to C4H90OH
C4H9SH

https://m.blog.naver.com/PostView.naver?isHttpsRedirect=true&blogld=release&logNo=50091986445 CX|YE2 R | wsXlE | 81
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Quality of sample tube _urfsT

Thin wall (Precision-Glass) 5 -
= Temp 120 °C 5mm Thin-Wall NMR Tube Comparison Table

= Critical shimming qualit = - =

(low Fe203)
= Good volume reprOdUC|blllty Type 1 Class B Type 1 Class B Type 1 Class A
Borosilicate Glass Borosilicate Glass  Borosilicate Glass

. . . Cl F d tz Syntheti t
= High sample volume in RF coil SRR i S

* 535-PP-7 (600 MHz grade, $40) Impact On
* 527-PP-7 (400 MHz grade, $25) Shim'rning Medium Medium Small Nane None
Pﬁ::::;’ﬂ?;ic (1200ppm Fe,0,)  (1200ppmFe,0,) (400ppmFe0)  (0.5ppmFe0,)  (<0.005ppm Fe,0,)
Economy (Middle MW) Impurities
» MW<1500, RT P ——
* WG-1241-7 (600 MHz grade, $10) Working Ambient Ambient 230°C 1300° C 1300° C
* WG-1228-7 (400 MHz grade, $9) Temperature
SR Vonne 10% 10% 0.5% 0.5% 0.5%
High-Throughput (low MW) Bepenmtiaie — —
* up to 600 MHz, MW<250, RT . LGy "B NMR, rapid
- WG-1000 (§2) SO croimoiccie | epmimens caunganal  qoingreting  porochenisy
Applications GO0 Milie OFganic (high field, mulst: phupﬁchemist‘ry UV light sourr_ep

(MW <=250) molecules dimension, multi-

Q j (MW<1500) nuclei)
0.D: |

studies

Heavy —— Deviation from
Wall straight line A]
Thin

Wall—

o U

Example of a NMR tube
with poor concentricity Example of
poor camber

https://www.rototec-spintec.com/flyer/wilmad/NMR_Catalog_2020.pdf IRX|QEE ZH| N SXLE | 82
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Special purpose sample tube urfsT

A B + o i}
1 O[] 3
= E S
] g 3
> 8 g L
g- 8 s 1?E?r|_'|m
© *—*\ > |
7] 4:‘ :
© | E |l .
£ s J" B B |
2 5 w7
= = - < |=L#n \s:‘) -::M"’f‘:J — _—WEE ‘:: K %
Reduce sample volume (1/3) ! U R+ . N § ’
Shigemi tube PTFE tube Coaxial tube Stem Coaxial tube
$ 300 - 400 $ 60 $40-50 (+$ 50) $40-50 (+ $ 50)
= Increase 16% SNR = HF or 29Si NMR = Non-deuterated sample = Non-deuterated sample
= Low con. or low volume = Quantitative NMR = Quantitative NMR
= Referencing = Referencing

https://www.rototec-spintec.com/flyer/wilmad/NMR_Catalog_2020.pdf K| EE ZH|ngAlE | 83
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Special purpose tube & cap e urfeT

250-1x-2
Swagelok
Mut

Pressure/Vacuum Sample Tube
To Gas \ubing Femule
. ; . . Cylinder /
Wilmad'’s Pressure/Vacuum Tube is the most reliable NMR tube for medium b Front
range pressure (<300 psi) experiments in the market. It is designed L
to connect to a 1/8"metal (stainless steel or brass) vacuum line using OR
Swagelok® fittings or a rubber vacuum hose and a glass connector (OF-60). x=A. BORC IN THE PART NUMBERS

The PV-ANV valve is made of PTFE and all other parts are Pyrex® or equivalent .
glass. Valve is opened simply by turning counterclockwise. To Gl;iium EthYI Vl nYI Acetate Cap
‘S’v:;reaaggluk * 1/8"QD Bac :m @ [D = C h e a p
T .‘ / N

) .
e 32 D R e grd By = Avoid CDCI3, Acetone-D6
'\ T T ‘ | OF-60 OF-80 OF-70
0.8mm 1D ‘ Tube Length »| v "
Elais Viton Vahe OD:10mm Each Pressure/Vacuum tube is supplied with a PV-ANV valve, but not with a
O-Ring Swagelok” nut or ferrules. Order these separately (see connectors table).

Low Pressure/Vacuum Tubes

Wilmad’s Low Pressure/Vacuum (LPV) tube is ideal for anaerobic and gas-tight NMR experiments, and offers a
convenient flame-free sealing solution for air sensitive or volatile liquid samples.

« Robust sealing system allows pressure build-up inside the sample

- Greaseless PTFE piston provides a 100% contamination-free seal

« Redesigned with a 4X larger sealing surface; eliminates leaks and greatly increases lifetime when compared to + Teﬂ on tape
traditional J. Young tubes u Cheap

« Axial symmetric design guarantees application in spinning experiments - Use C DC|3 ACGtOﬂG-DG
J

« Due to the nature of glass, Extreme Caution should be exercised when using at elevated or reduced pressures
since a tiny scratch on the glass surface would significantly lower the tensile strength. Adequate safety
shielding should always be used when working in these conditions.

PTFE Cap
$ 16 (or $ 5 economy ver.)
= Use CDCI3, Acetone-D6, HF

https://www.rototec-spintec.com/flyer/wilmad/NMR_Catalog_2020.pdf HPX|EL ZH|NSXIE | 84
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Volume and concentration T WIT ST

» 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, 170, 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 (M\W=200), 1 mg /500 ul = 10 mM = 2000 ppm
Sample B (MW=500), 25 mg /500 ul = 100 mM

HAXIHERBHRSKE | 85
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<Internal reference>
1. Sample + NMR solvent (CDCI3, D20, DMSO-D6, etc.) + reference compound (TMS, DSS)

<External reference>
2-1. Sample + NMR solvent (CDCI3, D20, DMSO-DG6, etc.)
2-2. Reference sample (P31: TPP =-17.57 ppm, F19: TFT: -63.72 ppm)

Gpacer e P

3. Coaxial sample tube (Evans method) ] HI,/ )

- Inner tube: NMR solvent or Reference

- Outer tube: Sample

178mm
e

i JU UL

* None deuterated solvent condition -> No Lock / No auto shim -> Poor or not easy measurement jover  Sm Complete
* NMR solvent and Referencing (+Quantitative NMR) Tie

3

FHAIRER MHluSALE | 86
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Paramagnetic effect urifsT

* 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 \ e
- Line broadening effect (poor shimming)

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

Cl i - 7
' P
Gd Z
Cl"' ""Cl _ H3C CH3~ . Cra#
GdCI3 Cr(acac)3
Gadolinium(lll) chloride Chromium(lll) acetylacetonate

CuS0O4, MnCl2, NiCI2

Dielectric constant : Polar > 20 > Non-polar

https://onlinelibrary.wiley.com/doi/full/10.1002/masy.201300034 olx|elE o x| DSl

| 87
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Semple preparatir e

= Wash sample tube to acetone or ethanol.

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

(Sample tube bending test — rolls the ground If bending

sample tube spins, quartz glass in probe has some damage.) .
pinner
__f \__
T — NMR Coil L g
—_— s "9 e 8
. E Center solution
@ 2 on the center - Sample height
A \ E'?E? of the receiver ~4 cm
£
PrObe BOttom /T Gas Flow — : __|_ Temperature Sensor
Depth gauge
&
Heater —— ﬁ | £

Figure 3.1 Sketch of sample temperature control in a NMR probe
APX|YES HHusklz | 88
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Sample preparation e F__Ifé T

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 ul, 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.

HAXAEFBHuSAE | 89



Sample volume and height i L UPNST

SCIENCE AND TECHNOLOGY

Coils

( 3/5/8mm

SIS

S
< >
40 mm
400 — 500 ulL

Bad shim Bad shim

£
=

0
5 o

2-5mm

.
:-8/5/8mrr.
1omm

T " e u®

A A
IS S

- | Poor sample area I

x| E | ESKlR | 90
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Standard Evans method PTFE tube

s 1

e
178mm Reference
(NMR solvent, Standard)
"
]
Sample
xry U
Inner 5mm Complete
Tube Outer Set
Tube

Coaxial tube

HAXHERBHRSKE | 91
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9-1. Manually
Operation
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SCIENCE AND TECHNOLOGY

Experiment setup i =LY

1. Create Dataset

_'_| Start Acquire  Process Analyse Publish View Manage @

| Create Dataset| | j Find Dataset '_|/Open Dataset = Paste Dataset || Read Pars.

Click | | Create Dataset (edc) - Start tab.
Insert parameter value.

Prepare for a new experiment by creating a new data set and

initializing its NMR parameters according to the selected experiment type.
For multi-receiver experiments several datasets are created.

Please define the number of receivers in the box below.

MAME proton_exp J Experiment name : ex) 20160908 Test_1

EXPNO 1 | Experiment number : ex) 1(1H), 2(13C), 10(2D) (1~999)
PROCHNO o | Processing number: ex) 1

DIR \C\data3.0 v_i Data save route ex) \ data

Solvent _ omso & NMR solvent

Experiment Dirs. E-C:xBruker\TopSpinB.O.b.40‘\exp'as;:an‘anmr\par "'.

Experiment - - ;:F'ROTON j v Parameter set

TITLE ' ex) proton - PROTON, carbon - C13CPD
= Direct type or select

f|1D- Proton experiment
130 mg Menthyl Anthranilate in DMSO-d6 Sample information.

_Ei Show NEW dé-taset"in new "ﬂfi-F'I_d-DW

;1 | Receivers (1,2, ...16)

| ok || cancet || moremnfo.. || Heip |

HAXIAEFBHRSAE | 94



“_UESAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Experiment setup | ; urfsT

2. Sample insertion into the magnet

-[;'.; | Start Acquire Process Analyse Publish View Manage @
| # Sample v | ﬂ;ock_| V Tunew | J}, Spinv || & Shimw | _t{” Prosol li- Gainw || & Gow | Optionsw |

T T T T T T T
<« | " | 3 15 10

Acquisition information Samg

no acquisition running

Amplifier Control

Fid Flash | Lock
LT
=
1

+ Press the blue button to rotate the carcusel so
that the sample carrier to measure next is below
the Transport tube gate.

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

1 2 3 4 1. Rotate carousel clockwise blue push
button (enabled) * When pressing the Inject/Eject button the sample
carrier below the Transport tube gate will be lifted
// / 1 Emergency stop button towards the Transport tube and transported to the
& ) ) magnet bore.
. Inject/Eject green push button (enabled)

. State LED (green showing idle state)
. Sample gate (open)

. Sample over length latch

« When pressing the Inject/Eject button a second
time the sample carrier will be removed from the
magnet bore and transported to the SampleCase
and placed in the holder below the Transport tube
gate.

. GK/’C
< e
- 1

-y

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

HAXAERBHRSKE | 95
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Experiment setup urfsT

3. Lock

| Stat  Acquire Process Analyse Publish  View Manage @&

'V samplew | #Lock |V Tunew db Spine & Shime & Prosol - Gainw | [ Go< | Options« |

Click ﬁ Lock (lock) - Acquire tab

Acetic acetic acid-d4 )
Acetone acetone-de Choice lock solvent
ACEIONE_HImR ____ ALEIONG-05 (GHCIE) (or, “lock used-NMR-solvent” ex) lock DMSO ).
CeDE benzene-de
CD2CI2 methylenechloride-d2
CD3CH acetonitrile-d3
CDCI3 chloroform-d
CDCI3_SENS chloroform-d (ETB)
CH3CN+D20 HPLC Solvent (AcetonitriyD20)
D20 deuteriumoxide
DEE diethylether-d10
Dioxane dioxane-da
OME dimethylether-dé
OMF dimethylformamide-d7
[ omso  dimethyisulfoxide-d6 |
EtCD ethanol-d6
- H20+D20 00%H20 and 10%D20 ™
Lock nucleus: ;_2H v [ Ok ] [ Cancel ]

oipxEs S| aSKl2 | 96



ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Experiment setup '- S urfsT

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)

HAXAERBHuSAE | 97



Experiment setup =% l.lrns T

Start Acqwre F'rocess Analyse Publlsh Vlew Manage @
" samplew | %Lock V Tunew || & Spin > | E% Shime J{” Prosol | i~ Galnv & GOv | Opt|0n5v _

4. Tune

Click '.V Tunew | (atma)
5. Spinning

Click | db Spiﬁ.:-%'_- (ro on)

6. Shimming

Click | &t Shims  (tg)

7. Prosol

Click ' £¥Prasol (getprosol)

8. Receiver gain

Click | i~ Gainw  (rga)
_ GRS B ISKIE | 98
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Acquisition T WIT ST

Start Acquire Process Analyse Publish View Manage @
¥ samplew  #HELock | V Tunew | db Spinw | & Shime &V Prosol | 1~ Gaine  [» Gow Optionsw |

9. Parameter

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

10. Acquisition

Click |B—Gﬂv (zg)

GRS T|DIAE | 99
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Experiment end e L L

;;..JJ Start Acquire Process Analyse Publish View Manage @
| # Sample - §WLOCK__ WV Tunew J}, Spinw | & Shime j{” Prosol| | i Gainw & Gow Optionsw |

Turn sample rotation on (ro on)

Stop sample rotation (ro off) spinning
Turn sample rotation off (ro off)

Change sample rotation rate (ro)

8 e o ove I - - |
MAS Pneumatic Unit (masdisp) d '
i Phase Power | Gam Lotk Shim
@ Phase Pawer Gain
SAMPLE
Type bsmsdisp on command line e _oon | e | s
SHM
Click lock On-Off (Stop lock) S T o e
o
STD BY
Previous Actusl Step

STR|E S S TSALRE | 100
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To use manually operation _urns L8

1) sx#- Insert sample into magnet \ If automation system is connecting,
2) edc - Create new experiments room sx command is not working.
3) rsh - Refresh optimized shim-map

4) roon-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 6f 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

STX|EE TSR | 101
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Experiment setup

1. Open lcon-NMR

4

LI

urfsT

_ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

T I T T T
r| 15

”iconnmr

Amplifier Control

To open Icon-NMR : Prompt types iconnmr

Acquisition information Fid Flash | Loc

no acquisition running

{"q. IconMMR: spect

File  Help

(tNMR

=GR dn

Routine
Spectroscopy

.y |
(8- L,
I =%} Automation Toolbox Configuration

Routine
Spectroscopy

Automation ToolBox Configuration

IPA|RlE B u Skt
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Experiment setup e UPST

2. Automation

e
Py

Click  &Sinomel Automation

| .Automatinn. g
fq. IconNMR: spect = 28
Fle Help
) . =
Routine - TN
Spectroscopy T =W} Automation Toolbox Configuration
Routine Automation ToolBox Configuration
Spectroscopy

GiAllEE S|a Al | 104



Experiment setup

3. Login

Select user ID
Insert password

[=]=] 52 (W& tconNMR: Identify User (o
Fie Help [ Help on logging in
B%R User's Full Name User 1D
BBICK BBIOK
BBIOK BBIOK
Sun-Phil Han Hsp | £ =) b |
nmrsy nmrsu | |-l J
poey it fq, IconMMR Password Check
Il Please enter password for
H5P
L) i | L
Routine i - "
Spectroscopy =S Automation Toolbox Configuration | |
Routine Automation TooBox Configuration ‘
Spectroscopy \

UserID  UNIST 3

OK Cancel

GTR|EE TSR | 105



-

Experiment setup TE L urfeT
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4. Experiment Table

s
Fie RunHolder View Find

(- 3

eters Options Tools _Help

B @sor 8 i

Processing tated 'I]
Expeiment Table

Holder  Type

1) Check holder status

Diskc Name No. Solvent Experiment Pri Par Title/Orig Time User  StartTime

2) Double click
empty holder (1~24)

e |CABrukenTopspin3.spis Re [ 2 herstormea » weee- | [N [ 2] 2 woz W 9 set start Time

™ 655% Size offid

s 16 Number of scans 0132 HsP 2 Set Start Time
P 10 [psec] Pulse

T 28[K]  Required Sample temperature

§ 3) Type sample name

4) Change No.
i (experiments number)

submit Cancel Edit Delete add 1 Copy |1

e N Bpeimen Lag  AM Rn Lok Shm lAm P e Oe  Toeoig  Rens
Cranten

1 meoonsa n owashe 1 eRoron v v v 27 e
a\HSP\nme

5) Select NMR solvent

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

it - - BOE

py o= 7) Change parameter value

” i = -~ [ (ns, p1, d1 .. etc) 3

Requred fampls tempersture

QK
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Acquisition = e

5. Acquisition [ ®= # a
d IconNMR: Automation Sep06-2016-2102-Hs? NG

File Run Holder View Find Parameters Options Tools Help

> B @ sp | 8 i

Experiment Table

5) Choice experiment holder

Helder Type Status Disk Mame e
Bl u Aovailable . .
b2 U Available 6) Click submit
B3 u Available

b4 Available

B 5 u Available

B 6 u Available

[ u Awvailable

[ 8 l! Lovailable

g u Aovailable

B 10 u Available

P11 u Available

= 12 E#5- 1 Running

‘i,.&f» Running CHhBruker\TopSpin3 5pl5_RE 0pa92016-H5P 1
= 12 d&e- 1 Available
E,&@ Available C\Bruker\ TopSpin3.5pl5_RE - | 08092016-HSP - |2 :

[ 14 “_ Lovailable

B 15 1] Available

B 16 u Available

B 17 L Available

I 18 U Losailable

- 19 1| HAocailable

P20 u Available

Bo21 ] Available

b 22 Aoailable

23 1] Available

24 | Available

I 25 L Availakle

- 26 L Lydilable

[ 27 Available

[ 11 Loeailalxl

Submit Cancel Edit Delete Add 1 Copy 1
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6. Check NMR data

Pr:cedD: Experiments — 7 ) D O U b | e - CI iC k

Holder Mame No. Esperiment Losd ATM Ratation Lock Shim acq Prec User Disk
ChBruker' . .
2 016-09-08 184437 12 0B0A016-HSP 1 PROTON HSP et P r'e C e d I n g EX p e rl m e nts ta p
-
C:\Bruloer,

1 2006-03-0811:54:32 13 06092015-HSP 1 PROTON e o o v o ./ HsP ;g;::r‘:-‘i
#\HEPy e

8) Show NMR-spectrum

Seatch Preceding =]

& e Topspin 35 5 on BRUKE T 2 e
4 stat  Acquire Process Analyse Publish  View Manage &

Create Dataset | # Find Dataset . Open Dataset Paste Dataset || Read Pars.

= w592 T|#, [ B $
(=1 /812 2Ll 00 B@FT/ LA

Brouser | Lastoo| Groups, 77 0R052IE 5P 1 1 CrkenTopspi Sps R\ HEP
51 CBukenTopSping SpI5IBBIOK [ [peats |

ctrum | I I

pe:

[ structure | prot Fia | Acau

901_se [
5ep01-2016-8B10K
2%

i C:BrukenTopSping SpiSiHan
CBrukenTopsping Spisiexamdata

J‘ui v i

b . » 5 o s o tppm]

Ampiier Conirol

Acausiion miormaton i Fisen |_Lock | Sampie
i T
o acquistton rumning |

Time
18:51:36
sepos

Shim Gail

POWCHK [ Probe Temperaiure [ Spooler 5SS status message
e | o _, (—

29°C |
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Acquisition e urieT

E 2

nmrsu heliumiog

rig

Computer  imageinfo

5 0

Metwork  unistlicense

— - e =
(e NMR

/ =
_ ) : E :
Spectroscopy Automation Toolbox Configuration Ml

Routine Automation ToolBox Configuration
Spectroscopy

R R

6

HPRIHER B RSAE
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10. Processing
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Processing e L L

_'_| Start Acquire = Process Analyse Publish View  Manage @

. M Proc. Spectrums ) Adjust Phase= | 4 Calib. Axis = 3% Pick Peaks || J' Integrate + | Advanced = |

Click | /L Proc. Spectrum= down arrow

Configure Standard Processing (procid)

Click Configure Standard Processing (procld)

Window Multiplication (wm)

Fourier Transform (ft)

Start Automation AU Program (xaup)

E-‘_! procld

Press 'Execute’ to process the current dataset.
Press 'Save' to just change the processing options.
Changed options will be effective when pressing the
one-click 'Proc. Spectrum' button.

Exponential Multiply (em) LB [Hz] = E_'1 LB -> sensitivity M, resolution
Default 0.3 (*H)
Sensitivity 1 ~ 3 (13C)

Fourier Transform (ft)

Auto - Phasing (apk)

Set Spectrum Reference (sref) [ If reference useTMS , check TMS.
Auto - Baseline Correction (abs) L] TMS - chemical shift = 0 (Automation)
Plot (autoplot) 1 LAYOUT = [+/1D_Hup ~

Warn if processed data exist il * To save

Click| /. Proc. Spectrum s |
QITA| g S B SR

T T ETT
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Processing i WIPNST

_'_| Start Acquire = Process Analyse Publish View  Manage @

. M Proc. Spectrums ) Adjust Phase= | 4 Calib. Axis = 3% Pick Peaks || J' Integrate + | Advanced = |

Process tab | /4 Adjust Phase «

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

4 suker T 35 o WV ABLRVAGSAG At T ol

| )! Start Acquire Process Analyse Publish View Manage @ E

1 1}
e Spectrum = ‘ “'ﬁAdjusl Phasew /2 Calib. Axis v ‘?R“., Pick Peaks = J. Integrate » || Advanced = .-'|| I] 1 R gu —gu IBD = I l II % q| J ‘

== @@Q (U@wnwr | Adjust spectrum phase manually (.ph) \ﬁf\ D WM %

» \

- = ) (= > | Enter manual phasing mode. Allows you to J =
=1 8} (2 - (£ (= 2D — P -3
B « v a a ) b adjust the zero and first order correction p A ! @ s 0 i‘ &

¥
[ orowser [Lasis0] roups ezl B ——
&- ). C'\Bruker\TopSpin3 O\examdata A- 0 1 R|(90-90180 — = 1l % E;l ol |

7l exam_Daisy
5 1 exam_DNMR_ipr2sic - - 0
exam_DNMR_Me2NCOME - 2 1H Cyclosporin
L exam_elucidation_1 - 20
exam_elucidation_2
- exam_elucidation_3 - 2010-07-1
exam_elucidation 4 - 2
“u exam_verification - 2010-0
exam1d_13C -
- examid_1H
2 1-2007-09-18 18:21715
- L 2-2007-09-18 18:13:06
exam2d_CH )
4 exam2d_HC - 20
exam2d_HH - 2
-4 exam3d - 2010-07-19
examAutolink - 2

l
i
E

pivot = 1.26 ppm Phase increment = 0.003125 ph = 0.00 phl = 0.00

Spectrum moves like a seesaw shape

14 [rel]

12

10

—» Spectrum move uniform

4

2

]

L s S S B B B B B B
8
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Processing e UPST

_'_| Start Acquire Process Analyse Publish View  Manage @

. M Proc. Spectrums ) Adjust Phase= | 4 Calib. Axis = | 3% Pick Peaks || I Integrate + | Advanced = |

Click | /& Calib. Axis = . Change chemical shift.

Brm\rser"i Last&(]l Groups% : 1 No acquisition running: exam1d IH 1 1 C:WBrker#TopSpin3 OWexsmdata = U X ]

= 1 ChBrukenTopSpin3.Olexamdata ‘ fo-\ C J H
B L exam_Daisy 7-19 15:29
exam_DNMR._ipr2sic - 2010-07- 1H Cyelosponn : .
exam_DNMR_MEZNCOME - 207111l on o 9539.09 e / 500, 13363509 Mz ¢ Index = 100 - 8138 : : : -
exam_elucidation_1 -

exam_elucidation_2
exam_elucidation_3
exam_elucidation_4 - . : :
exam_verification 20710 07 10 &
examid_13C -
examid_1H 0730
1-2007-09-18 18:21:15 ] R e :
-l 2 - 2007-09-18 18:13:06 ) & Calibrate ] : : Lo
exam2d_CH 7-19 1529

exam2d_HC
exam2d_HH
B L examad

- 1 examAutolink

DEF INE REFERENCE FRECUENCY : r
Define: Left-click inside data windgw : r

Spectrum calibration frequency

Cursor frequency [ppm]

|OK‘CanceI L ] N | s o P i

o —|
(2]
=
N —

o
i
T
T
3
=

||
v
DI9A % HES 0|8510] 2T Qs peakS 22 841 M 24 Yol =Lt APX|EE B mSXIE | 113
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Processing e urnsT

_'_i Start Acquire Process Analyse Publish View  Manage @

. M Proc. Spectrums ) Adjust Phase= | 4 Calib. Axis = | 3% Pick Peaks || I Integrate + | Advanced = |

Click *%* Pick Peaks =

Click Y-

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

Acquisition finished: C:/data3.0/Carbon_exp/1/pdata/l

KB Acquisition finished: C:fdata3.0/Carbon_exp/1/pdatafl

e = = ) ; - - T - .
0T [t I_rrn_‘ 52 _IJ_L-’-IJ"-ﬂl_ x @u D %QJ J ‘ | Spectrum | ProcPars| AcquPars | Title | PulseProg | Peaks | Integrals| Sample | Structure | Plot| Fid| Acqu
= - - | T | 4- 0 130 axpeniment with 1H decougiin
9 |1-D 15C experimant with 1H decoupling = o ing

d 30 mg Merithy! Anthranifate in DMSO-d6

gttty Aanttvarifate B S O

o [ Lt} =0 [-]
e n w0 0 o o0 w o o - =T 20 0NN o
1 g . .8 8% 232 ¢ 3 EEE BRERIRL
- P~ = o v @ = RIS e ]
- @ o &8 == & o R L -]
W — -— - - - - ~ - T [ M NNNN —
Juke g 7 se0.0 52 : ; ; ] |l W . Lo L Lt
DFine new eegion:
JDiag with left mouse button il
Mmber of peaks: 0
- | i
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_'_i Start  Acquire = Process Analyse Publish View Manage @

.-f'n_ Proc. S_pectrum v._”_“\‘é}-Adilust Phase w ‘? Calib. Axis - | ‘}ﬁ* Pick Peaks = I Lntegrate v_. .Agvancedv_
Click ”G*‘“ Pick Peaks =
Control threshold and choice peak
ex) 0.5 higher than peak picking

>mi 0.5
> pps

+

Ljem [t 0o 6 D ELEL J|

Plus one peak.

Modify selection area.

— Select peak about square box
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Processing s UPiST

_'_i Start Acquire Process Analyse Publish View  Manage @
. M Proc. Spectrums ) Adjust Phase= | 4 Calib. Axis = | 3% Pick Peaks || I Integrate + | Advanced = |

Click | I Integrate =

T-dfowhfit 2EFeam l X2/23X=4F ¢ XaEH J

Modify selection area
L_» Select integration about square box
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Plotting - ,__‘-‘  - urfsT

Start Acquire  Process Analyse Publish View  Manage @

4 PDFv | E-Mail

" ICopy | & Printw | L Plot Layout v |

[&8] ToPsPIN Plot Editor - (1D Hoawp] - o Ei——
File Edit TOPSPIN Options Window Help
0O = & & & o T
Date | amiowtes | zoomin | zoom out Full ; ngr Rotate Undo

E@

1H Cyclosporin

~ Standard
&Rz BRUKER
) i
Current Data Pazametars
= examia 1n
EXENO 1
MUI BROCNO 1
Fz - Acquisiticn Parsmesers
— Date_ 20070518
L B i
R INSTRUM Spac
5 DROBED S mm DABBO BB-
PULPROG =zg30
B
SOLVENT
ns
s
oe
FIDRES
ag
| Er
| o 51000 usac
DE 1i.s5 uzac
= 2572 X
e D1 1.00000080 sec
Wode ?\} 0o L
NuCL
21
B1
PLLW
| sFOL
= A 5 e e e D
- st 33768
I s¥ 500.1300000 MHZ
o =
[ 55B o
|~ = 530 Hz
] = a
My B¢ 1.00
= = =
T T T T T T T T T T
) 8 7 6 5 4 3 2 1 0 ppm
|
[lesf 2 (el 2 Tz = |=la 2l =le)x|y|e T el o
=2 (ER|= g |2 2 EIE| B BREEE S B2 =
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https://ucrf.unist.ac.kr/en/mnova-installation/

Download previous versions.

taller, here is a full

2
-

=]
in

If you hold an old Mnova license we really encourage you to update it. However if you need an o

list of releases:

1202 = 11.04 -

12.0.1 = 11.03 = 10.0.1 = 9.01 -
12.00 = 11.02 = 10.0.0 = 9.00 ~
T1.0.] # westheniova - pocument 1
M Flle Edit View Processing Analysis Advanced Stack Mass Analysis Predict Scripts Documents  Help
e e A-bd -]

@ 9 ¢ [EnlcPage | @& a BT e 4
QS ICERO-F iR R PR
Pages R

(] UNIST Campus Mnoy
[7] UNIST Campus NMR
[7] uNIST Campus NMRPredict Deskt
] UNIST Campus Reaction Monitori

17 NMR s2

 OneDrive

H L rc

 REELIES

Data Browser <
0O black ~

Pages

v light gray~ A black ~  Arial

=-Brx -

IPA|RlE B u Skt
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Topspin - free EiE urfieT

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

Free TopSpin Processing for Academia

As a registered academic or governmental
customer, y ill have access to software

Updatez and patches for:

» Free TopSpin processing software for
Windows, Linux and MAC OS5 X
» Free Dynar

ics Center for Windows,

MR processing, ) Linux and MAC
cadine NMR In case you already have an
| g NM

oruker.com p!ease lo

ilable free
| academic users. In addi-

Rt HHe sottiare s By downloading the free TopSpin pro-
! data, the software is :

rocessing pa

The download and use of the free softw
for comn

tion to Bruke

cial organizations or com

,you confirm that you are ) _— B -
: - : is prohibited. To download software
d by- orstudying at an academic-

able to process data acquired on A

fora

Variananad J

; . commercial organization, please fal-
n and that you

any data pro N S law this lifk
use the software exclusively in this con- A

1 JCAMP format.

Text
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https://ubts.co.kr/

L]
« -_ i e . =
I PNs=Eny)| AR =KlAk2 HELIE =22t =Nl =g
-
022 @ M B e AT

O 7 I=={M SO Al =

UNIST

2023 2022

+HZFE XRD A EEr!

unIsT NMR 0|12

] UNIST S A3=8
i “l |H " NMR EH|2] 25 2|2t AHg 5%, 08 200 Lo} A& = ASLICE
Nuclear Ma
Resonance spectroscopy




11. Technical
Knowhow
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Poor background

k.

N
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19F NMR 29Si NMR
g
1 (ppm)
11 (ppm)
170 NMI{ L 16000 :] !II NMR L ao0o
g
R —

f1 (ppm)




Poor background signal in NMR

1) Material

Borosilicate
Background: 11B, 170, 29Si

Sample signal

NMWWWM%W”WM“M”WNMW' Bt

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

2) Ringing
1) Background
2) Ringing
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How to remove background signal

1) Cut off signal (Processing)

W "l]f‘gﬁﬁ/" A AR A AAnssnnnn
|

2) Prescan Delay (DE)

Ch(obs): X i

DE = 30 - 40 ps (Normally 4 - 25 ps)

For suppress “bad background signal”

1) Probe materials (Solid signal)

2) Ringing
->ShortDlex.170->D1=0.1-0.2s

urfsT

FLSAN MNATIONAL INSTITUTE nF_
SCIENCE AND TECHNOLOGY

<Solution NMR>

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

- CPMG
/ t . /2 T
&'y
‘:\.‘,__\:} ':pj D1 HDZ I D2 \/\/\/\/\AMMM
90° 180° echo h—én
o [ DR R0 B
eyl e 2-3ms

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

Polynomial Fit =2 -3

(or Bernstein Polynomial Fit)

Ky Baseline Correction along 1

Method

aplines it

“Whittaker Smoother
Folynarnial Fit
ST

|*- ative
[splines

4 X

Cancel

* Extract

-

) Baseline Correction along f1

Method

| Splines -

T >

Cancel

# Extract

urfsT

~ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

FuU.co
-0.24
r0.22
r0.20

r0.18

‘*O‘M
ro.12
r0.10
-0.08
-0.06
r0.04

| 10,02

~0.00

-—0.02

T T T T T T T T T T T T T T T T T T T T T T
30 —40 -50 -60 =70 -80 -0 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240 -250
1 fmmm?

A g e g

A

0,02

. o 0 00

F—0.02

T T T T T T T T T T T T T T T T T T T T T T
5 -4 -50 -60 -70 -80 -80 -100 -110 -120 -130 -140 -150 -160 -170 -180 -180 -200 -210 -220 -230 -240 -250

¢
fl (opm) o

IPA|RlE B u Skt
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Baseline correction (Processing) s UPiST

Method
| etho
||| : Cancel
| I | splines X
 Extract

K\ Baseline Cerrection aleng f1 ? x

L
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Multipoint baseline correction (Proces_"s‘jﬁj’g):' urfsT

| |
r0.24
=, =~ TR ] R ANE AR ‘
- - 1 v E - -"{vﬂ—'vilu"vt“v | (022
=10 Sl SllS Sy N ‘
= — ‘ +0.20
=1 *
A+ Baseline Correction... B | \ 0 S 1 i , £
I | Pick Point  Automatic Pick Horders  Clear Points Preview  Apply ro.18
} Full Auto (Splines ; ‘ ey (300 5]
/J-:-' I: p :I ‘l IZIA‘FreehSe\ecnnn RAMS calculation span (points) ‘SDD e Lo.16
& a m ket garithm
M Multipeint Baseline Correction |
| | Cuhic Splin_es - r0.14
| ‘ Delete control points by double-clicking them, L0.12
| || Free control points (blank boxes) can be dragged freely.
‘ ‘ However, RMS-bound contral points (backslashed boxes) follow their 910
1 | (locally) computed RMS when dragged,
r0.08
~0.06
-0.04
r0.02
~0.00
-0.02
r—0.04
—0.06
-0.08
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
-62 -63 -64 -65 -B6 -67 68 -69 -70 -7V1 -72 - 4 -75 -76 77 -78 -79 -80 -81 -82 -83 -84 -85 -86 -87 -88 -89 -80 -81 -92
\ | ho.o8
|H ‘ '
/ 1\ H0.08
/ -0.04
| ; ‘ “ r0.02
: p FNJl{ MWMW\AMWMJ‘ ILJ | l' LM iy
T Tl S oo’ TN M A L A Lo.00
-—0.02
r—0.04
~-0,06
F-0.08

T T —T T T T T T —T T T T T T — T T T T T T T T T T T T T T
-62 -63 -64 -65 -66 -67 -68 -68 -70 -71 -72 -73 -74 -75 -76 -77 -78 -79 -80 -81 -B2 -B3 -84 -85 -86 -B7 -88 -89 -90 -91 -82
f1 (ppm) _
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Consist of magnet |  urifsT

Nitrogen perts

Nitrogen tower

Insert Sample here

metal plug

0 - flange Vacuum
ol |-
e ' __ seat {location Shasnes
bpll]llCl‘—b o gpinner air hole
‘. Bruker probe!
' "ontact
g, . area” of SpMnner
P central bore shaft
' : Magnet
o o central shim stack e BRI
bore 2 " (shim matri
assambly)
b

-- ; et i gl Insert Probehead

NMR Coil _»|-| | o
Limits ~al..1l.]

NM Rff}auge | T Magnet and dewar
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Spinner damage
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5 Gauss line UrnsT

“_UESAN NATIONAL INSTITUTE OF
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AZ
6.0m -

5 Gauss line

5.0m ¥
‘Safe’ levels of static magnetic field

exposure for general purpose
4.0m +

Earth's Magnetic field = 0.5 gauss

3.0m + My . 2 Gauss

N\
5 Gauss

The Earth's Magnetic Field

2.0m ¢
10 Gauss

f -i 50 Gauss \
1.6m 2.0:m

X
\
\
\
\
|
3.0m 4.0m
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Warning Signs _l.lrns T

Caution: Extremely high magnetic stray fields.

Caution: Watches and electronic or electro-mechanical devices may
be damaged.

Danger: No entrance for people carrying pace-makers. m

Caution: Credit cards, magnetic storage media as tapes, floppy disks
or hard disks, may be damaged.

Danger: No entrance for people carrying medical implants.
X E2EEHuSAR | 132



0.5 Gauss

= Average earth
magnetic field

- 5 Gauss line
: = MR safety standard

Metallic
tool

Gas
containe

earphon ’ _— Scissors, r
1 e " pen

5 Gauss line



Magnet safety
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Magnet safety
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02 Concentration

Symptoms
Natural air

Symptoms

Limit level for not
causing serious health
problems. Continuous
ventilation is required

02 Concentration

10%-6%

02 Concentration

02 Concentration

16%-12%

Symptoms

Rapid breathing,
Increase in pulse rate,
Loss of concentration,
Headache, Nausea,
Ear ringing

02 Concentration
6%or less

Symptoms Symptoms

Comatose, Loss of consciousness,
Muscle spasm on the entire body

Stupor, Headache,
Nausea, Cyanosis,
Faintness on the entire

Symptoms

Unconsciousness, Comatose,
Cessation of breathing,
Cardiac arrest, Die in 6 minutes

(W
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Magnet quench

https://www.youtube.com/watch?v=4dbQxyrhZ2 A&t=63s

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

Reservation Daily maximum L
. . . : Cancelable timing
time unit reservation time

Client 10,000/10min
Bruker
600 MHz 10 min. unlimited 1.0 hr Self-user 5,000/10min
NMR
Acc. used 3,000/10min
Client 5,000/10min
Bruker 10 min 1 hr
400 MHz ' (2 PM to 8 PM, 1.0 hr Self-user 2,500/10min
NMR weekdays)

Acc. used 3,300/10min

AR usAtz | 139



o
.
UMST
" ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Reservation control information

Create Account

www.ucrf.unist.ac.kr UMIST  UCRF .
m DSavEII SlgnUpoIFurg ot your password R | E%G | Industry member External member

LIMIST  Central Research Facilities

About UCRF Equipment Status Data Room Participation Space Q

ID/E-mail | m*k*m

@ unistackr
dokkokok ok kK K — e
Password Confirm
*

1. Click [Sign up]. sus
2. Click [UNIST Member].

Department

Student ID No. /

Professor ID No. / 20*39
3. Input [Portal id/pw]_Click [Confirm]. =

Please check your information. sl | |_ow || ,, -~ _@)
4. Input professor name in [Principal investigation] o =

_Click [Professor search]_Click professor name.
5. Click [Create Account].
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Request for Self-user ST

www.ucrf.unist.ac.kr

Welcome =415 LDGOI.IT My Pzge | Editprofile DR m

F Equipment Status Data Room Participation Space Q

Status of analysis request

Status of analysis request

Request for Self-user Application Result

date =i After pass the test,

Equipment Status

Status of analysis request ) )
Request for Self-user ~ 1. Login UCRF website.

Status of settlements

4-1 2. Click [My Page].
e Materials Characterization Lab 3. Click [Request for Self user].

4-2 o 4. Select the equipment.
Status of tour application Surface Analysis

44 1) Select [Materials Characterization Lab].
Status of access permissions -

Confocal Raman

application 2) Select [Surface Analysis].
Status of penalty 4-4 S 3) Select [Confocal Raman].
Apply

4) Click [Apply].
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Reservation

portal.unist.ac.kr — Research Equipment— Equipment

WHrisT

Administration Room Seonhye Son |

Home Human Resource Financial Procurement Asset Budget Research Equipment Fund Intellectual Property

Equipment Reservation

af»

Detailed Navigation

Application for use of lecture

urfsT

~UESAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOG

reservation/input result

Bulletin board

Settings

1T
I Ql kor | ENc T
(1]

Improvement Request

Equipment Reservation | search condition = |
Equipment WI
Reseanvation date: 21150101 | @ Reservation " Input result © Completed  © Al
1st classification [7]  2nd classification| =] equipment name| [~]
Favorite o E =
Equipment booking list 2|
‘ & Application ” & Reservation cancel H o Input result ‘
Select | Status Sortation Equipment name Chief of research Researvation date | Reservation time Fee | 1st classification 2nd dlassification name Application date Free_Test | Free_Longterm
[ Resenation Admin Cenfocal Raman zE7| 20150817 1300~16:30 160 | UMAL - 7|7[ 242 surface Analysis 20150804 1844 o m}
[ Reservation Admin AFIA-Raman %7 20150817 13:00~16:30 UMAL - 7[7| 244 surface Analysis 20150810 1627 m} m|
] | Reservation Admin Confocal Rsman 297 20150817 08:00~11:30 UMAL - 7|7| 254 Surface Analysis 20150804 15:44 [m] =]
O Reservation Admin AFM-Raman 297 2015.0817 0900~11:30 UMAL - 7|71 24 2 Surface Analysis 2015.08.10 1627 1] O
] | Reservation Admin IR 07| 20150813 15:00~18:00 000 | UMAL - 7|7|2xa Spectorscopic Analys 20150807 1053 [&] [&]
[ Resenation Admin FLIR zE®7| 20150813 1330~15:00 UMAL - 7{7| 24 4 Spectorscopic Analys 20150807 10:52 o [m]
[ Resenation Admin FT-IR 7| 20150813 09:00~12:00 000 | UMAL - 7|7| 24 s spectorscopic Analys 20150807 0857 ®m o
[ Resenation Admin Confocal Raman a7 20150812 1530~17:00 000 | UMAL - 7|7| 284 surface Analysis 20150807 17:15 o o
] | Reservation Admin IR za7| 20150812 10:30~11:00 000 | UMAL - 7|7|25 4 Spectarscopic Analys 20150807 1457 o [m]
] | Reservation ~dmin Confocal Raman 21087 20150812 09:00~10:30 000 | UMAL - 7[7|2x 4 Surface Analysic 20150806 1321 o o
[ | Reservation Admin IR zo7| 20150811 1430~18:00 0| UMAL- 77|28 a Spectorscapic Analys 20150807 0857 o [S]
[ Resenation Admin zE7| 20150811 1330~14:30 000 | UMAL - 717|242 surface Analysis 20150805 1142 o [m]
[ Resenation Admin 3l Raman zE7| 20150811 09:00~10:00 000 | UMAL - 7|7| 28 % surface Analysis 20150810 1304 ) m|
[ Resenation Admin IR z97)| 20150811 05:00~12:00 000 | UMAL - 77|24 2 Spectorscopic Analys 20150807 1056 o m]
]  Reservation Adrmin IR 297 2015.07.29 09:30~10:30 000 | UMAL - 7|7 244 Spectarscopic Analys 20150728 1326 H o
] | Reservation Adrmin IR 27| 20150717 16:00~17:00 000 | UMAL - 7|72 82 Spectarscopic Analys 201507.17 18:00 o =]
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| 142



Reservation oo UPNST

UESAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOG

search conditic =2

Inquiry

Researvation date: izmsﬂlm |

I izms,oa,m

@ Reservation ) Input result  C Completed (' All

I 1st classification: | | 'l 2nd (\a;siﬁcation'! ‘ ‘ Equipment name: I
&l
Equipment bookina list =
- S _ - -
L) Application
Select | Status P S Chief of research Researvation date | Reservation time Fee | 1st classification 2nd classification name Application date Free_Test | Free_Longterm | Mema
[] | Reservation Self AFKd-Raman 23] 20150724 14-00~1500 DOD | UMAL - 7|7[ 244 Surface Analysis 20150717 1108 ] [m] =
O Reservation celf Confocal Raman Eil- 2015.0724 14:00~15:00 000 | UMAL - 7| 7|24 4 Surface Analysis 20150717 1107 (] O
O Reservation self FI-IR Uy 20150723 13:30~17:00 000 | UMAL - Z|Z[ 244 Spectorscopic Analys 2015.07.17 11:05 O O
O Reservation Self Confocal Raman il 2015.07.22 13:00~14:00 000 | UMAL - 7|7| 24 & Surface Analysis 20150720 11:20 O O
O Reservation self Huorometer aE7 20150720 14:00~1430 000 | UMAL - Z|7[ 244 Spectarscopic Analys 2015.07.17 1103 O O
(] Reservation Self Fluorometer 97| 20150720 13:30~14:00 000 UMAL - 7|17|24 % Spectorscopic Analys 20150716 1655 (| (]
O Reservation self FI-IR A7) 2015.07.17 16:00~-17:00 000 | UMAL - 7|7j2a &t Specterscopic Analys 2015.07.17 18:00 O (|
3 e 5
Apphmmon” 3 Close |;_ =7|<>2R7| A
Select equipment '
i 1. Select the classification and equipment
15t clssifieation: | UMAL 2nd [Surfoce Analysis 3d < [Confocal Reman [~

| project informaion

R S . st oo ; 2. Select the time you want on white box.
Yellow box : my reservation

sl | | Reservation time unit daily maximum reservation time Resenation open timing Cancelable timing Fee

I 2 g Red box : others reservation

FEIAIE0L  Laser power on/off
: 2 §i | MEERERE Keop cloan len to avald contamination

& |w)

2
i

m]

&

~ 3. Click [Application].

| 10:00~10:30

10:30~11:00

<l

11:00~11:30

al

11:30~12:00

<

12:00~12:30

1<)

12:30~13:00

[m]

13:00~13:30

a

13:30~14:00

[}
[}
[m}
[m}
[}
[}
[}
[}
[}
[m}

<

14:00~14:30

&l

14:30~15:00

&l

15:00~15:30

ooo

15:30~16:00

al

16:00~16:30

a

[m] 1] N ] (]
[m] [m] [m] o [m]
a a O (m] a
a o O a o
[m] o [m] (2] o
[m] B O {2 i1}
[m] [m] O [m] [m]
[m] il O O (m]
[m] ] O o [m]
a (m] [m] o [m]
a o |z (m] &
a o O o (]
[m] o [m] 121] [m]
[m] (e O i [
[m] [m] O [m] [m]
[m] ] O (] [m]

DDDDDDDDDDDDDDDD;

(m]
[m]
o
(m]
[m]
(]
(m]
(m]
(m]
a
a
(]
(m]
(m]
(m]
[m]

Ojojooooooooooooo
DDDDDDDDDDDDDDDD%
DDDDDDDDDDDDDDDDE‘
ke
O|O/0|0|/0/O/Ogoooaoo

ogooao

16:30~17:00

<[ |

1<

v
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ULSAN NATIONAL INS
SCIENCE AND TECH

Reservation cancel iE e WPNST

Search condition

', Inquiry
Researvation date: : ]
b ikl 0 @ Resenvation O Input result ' Completed O Al
tst dlassiication: |UMAL - IS S Yl nd classiﬁcaticmgs”mf Analysi ¥ Equipment name: Corfocal Raman >

P Reservation cancel

o Application| | | - Reservation cancel ||, Input resuﬂ‘

Select | Status Sortation Equipment name Chief of research Reseanvation date | Reservation time Fee | 1st dlassification 2nd classification name
}] Reservation Self Confocal Raman il 20150724 1400~ 1500 000 | UMAL- 77|24 4 Surface Analysis
T Resemation el * Confocal Raman ET | 150722 1300-1400 000 | UMAL - 7]7|2 44 Surface Analysis

1. Select the reservation.

2. Click the [Reservation cancel].
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UESAN NATIONAL INSTITUT
SCIENCE AND TECHNO

Input resulit | "‘[ﬁfl_f =1 s T

| [{ Equipment reservation

‘ Search condition B

& Iﬂqu'lfs'|

Researvation date:| 20150101
L

(7] 7]

| 20150804
L

@ Resevation O Input result O Completed O Al

[ o sy [
15t dassification. |UMAL- 7171245 "| 2nd tlasniﬂcaticnus”ﬁce Analysis B Equipment name: |Canfocal Raman il

‘-‘ Equipment booking i I n p Ut reS U It =

| o Application H |-| Reservation cang 'II o Input re;u\t|
ETECT] Status Sortation Equipment name Chief of research Researvation date | Reservation time Fee | 1st classification 2nd classification name Application date Free Test | Free Longterm | Memo
ﬁ Reservation celf Confocal Raman 27| 20150724 14:00~1500 000 | UMAL - 7|71 244 Surface Analysis 20150717 1107 0 O |_°|
LM
[]  Resenation celf Confocal Raman 2% 20150722 13:00~14:00 000 | UMAL - 7|7|2 44 Surface Analysis 20150720 1120 O O d
|
1. Select the reservation.
2. Click the [Input result].
irsse g0l =[x
3. Check the information and click [Save]. | = o
:| | Reservation information = i
¥
Reseantion date: | 2015 Besbiialion iz CAEEER Reservation date: ST Client authoritization: Self E Euk i et &g
% ,m Application date: 20950747 Reservation time: | 14:00~15:00 Rate 50 Equipment name  Confocal Raman
Equipment booking | Froject informaion =
— — hief of research | Chief of research il project number detailed item yecutable amount |
[otopn [ | S e z S : )
| @ Resevaton | =l
] | Resenation |
Cost Unit quantity | Unit unit amount discount applying | Option applying  Amount | Fee Rate | Amount
JI2EE=R 05 H 12500 v 10 25,000 |50 12,500
= 25,000 12500
|7 Process condition =
equipment status (problem and repair]
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Penalty points for users of equipment f I%I'}Ifé'l'

* Penalty points criteria

“ Behaviors subject to penalty points Pepn::lty

[Eligibility to use equipment]

n Unauthorized use of equipment without permission 5
n Use of equipment without a reservation 3
nSomeone other than the equipment lessee used the equipment 3

[Reservations for using equipment]
n Reserved and used equipment outside of permitted hours 1
Use of equipment beyond the time reserved without making another reservation beforehand for extra time 1
Failed to use the equipment durng the reserved time and did not cancel reservation in advance 3

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

Facilities (UCRF) L
Use of any equipment without giving a prior notice to the equipment manager, after making a reservation 1
[Careless behaviors]
“ Using functions on the equipment that are not permitted 3
Failure to promptly notify the manager of any errors or failures detected during use 3
“ Negligence that resulted in damages or failure to the equipment 5
Negligence that resulted in loss or damage to an equipment component or part 5
Failure to record in the equipment usage log after using any equipment, or misrepresentation or partial representation of the facts 1
Failure to provide specimen information required by the equipment manager to ensure normal operations and safety of equipment or facilities, 3
thus resulting in damage or failure to the equipment
Leaving the laboratory without putting the laboratory back in order, without turning off the lights, or without properly locking the entrance door, 3
after using equipment at nighttime or during the equipment manager's off-hours
“ 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
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Penalty points for users of equipment

» Follow-up Actions after Imposing Penalty Points

I TR
[ ZHIAMEX} 7HQl ]

YH| SR AAEA A X =n0fA o|H Yz SE(EH 8F Ol Al
2 5 points Hl AHEO| 371 E 7t SXEE SX)ot diE AHEAe| B WS 7|7

Il
20>|

SH| AL AR A K| =0 A AFEXLC| B
2 8 points SAED g = ALE0| ks S o|H 22 2
oS, oS AR BH WS 717120 AA

on

F XtH

_(')_I-
Ho
> T
Hl >
El
4>
=2
vl

(8% A% €74

2 12 points | FEA} X =040t ST ALSRIOIA B 157 0|4 U Al ST A7)

SHT RHH| AFRO| 377t 2X|ES O|HYUZE ER

EHH| EHEEXE7F K| E M4 0f | S S I Al O] ST RhH| ALRO| 377 2X|ES
> 15 points O|HYZ EE X ZDH0|H T2 U2 SIS ALK M L{AS 7|7| Ao

A Al
< 20 ooint X YEEOA X|Em4Qf Az SHAHO|| A M 257 0| ALY A| BT G Alo|
= <L points Ol PX|YEE MK A ARO| 177t 2X|ES o|HUZ EX

K| RO M K| Em4Qt A SHHO|A| ST LA I LX| Y2 E A
> 25 points EHH| AFR 0| 177t 2R EHE O|HYZ E, X ED40|H 22 2, o)

|

2 WIS AR B2 5 AAEO A A
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Penalty points for users of equipment =

I

Follow-up Actions after Imposing Penalty Points
| Classification | Pemaltypts. | Followupactions

Sum up penalty poin
ts imposed to indivi
duals

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

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

25 points

> 8 points

> 12 points

2 15 points

> 20 points

> 25 points

(Individual users of equipment)

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.

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)

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.

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.

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

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.
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ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

NMR Specifications S urifsT

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

Location 102-B119 102-B119 102-B119
Meaf’r‘;t:?e"t Self / Request Self / Request Self / Request
Model VNMRS 600 (Varian) AVANCE NEO (Bruker) AVANCE 11l HD (Bruker)
Magnet 1417 94T 94T
Channel 3 channel 2 channel 2 channel

= 5 mm PFG Auto X DB probe

= 5 mm Automated triple resonance probe | Predlimy s

Probe = 4 mm Nano TM probe « 5 mm i-brobe = BBO probe
= 1.6 mm triple resonance HXY MAS solid probe P
= 5 mm double resonance MAS solid probe
Auto-sampler X (0] 0]
Auto-tun!ng & 0 0 0
matching
Power 100 W /300 W / 300 W 100 W / 500 W 100 W / 500 W
= Chl:'H, '°F 1 19 = Ch1: 'H, 19F
31p) ~ 13 = Chl: 'H, °F 130 ~
Channel » Ch2 : 170MHz(°'P) ~ 150 MHz ('°C) = Ch2: 160MHz('>C) ~ 49 MHz

= Ch2: 170MHz(3'P) ~ 150 MHz (13C)

= Ch3: 150MHz(*3C) ~ 60 MHz (°N) (1°N)

. -40~150°C o .
Temperature -80~90°C 150~ 150 °C -150(20) ~ 150 °C
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~_ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

NMR probe e L L

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
ol2| / XEME IS o|2| / XtEME 7ts °|2|7ts °|2|7}s
Solution NMR Solution NMR Solid-state NMR Solid-state NMR
'H-T9F / 15N-31P 1 13 15 1H4-19 15N -31 1H4-19 15N -31 15N -31
(56 ~ 155 MHz) H/BC/PN H-19F / 1SN-31P H-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 i O] & 500 pl O] & Fine powder 1 g O| % Fine powder 20 mg O| %
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NMR probe

4mm Nano-probe XR-401

o
NEF
102-B119
°|2|7ts
HR-MAS NMR

1H-19F / 15N-31p
0~50°C

HR-MAS experiment
2.5 kHz

4 mm sampling tube

100 pl O] 4

102-B119

o|2|7}s
Temperature control unit
1H / 13C / 5N
-40(-60) ~ 100 °C

Temperature control

Urifs
~ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

5 mm One probe [Solution] 5 mm BBO probe [Solution]
— —

102-B119

o|2| / XtEME7tS
Solution NMR (Agilent 400)
1H-19F / 15N-31p
-80 ~ 130 °C
X Broad-Band experiment
20 Hz

5 mm sample tube

500 i O] &

102-B119

o|2| / XtEME7tS
Solution NMR (Bruker 400)
1H-19F / 15N-31p
0~50°C
X Broad-Band experiment
20 Hz

5 mm sample tube

500 i O] &
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NMR sample preparation i UriST

Standard Sample Holder Temperature limit

Bruker Varian
Typical Turbine Typical Turbine Replaceable Internal O-Ring
(Replace With Exclusive
Norell® HPT5V)
Important Contact Point
Requiring Regular Cleaning

v

Exclusive NORELL®
B5X3INS-V Optimizer Insert™

Replaceable O-Rings
(Replace With Exclusive
Norel® HPT5B)
Important Contact Points
Requiring Regular Cleaning

Exclusive NORELL®
B5X3INS-B Optimizer Insert™

JRE i Ceramic STV-5 POM Ceramic
’ o Variable -40~60°C 0~80°C -150~180°C
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15. Emergency
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Emergency it UPRST

o

"-I:i-i.-S)lH NJ‘;TH]NAL INS

SCIENCE AND TECHNOLOGY

A4 Hz =1
(Laboratory No.) =
A7 x| 3HELI|A \
(Laboratory Name) NMR Laboratory )
Al . .
|y Sun-Phil Han U4 (Extension) (4174)
ol ik x} . ) )
[ RN = Y o % Please do not hesitate to contact “Safety Manager”, if you have any

queries or urgent business.
(22| Alg = Z3 827 AS Al “HUTH QHMETIAOH HY 2

(Safety Manager)

He| F2 HEN

External Main Telephone

HEA Fire Station 119

-
ZAEM Police Station 112

24888 052)220-

Hospital 7500
L DI

ESSEHEEEAM 052) 217-

Fire, Explosion, Gas and 0119

—l—==
—_—
S

Chemical Leak etc.
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16. Case Study
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Li salt & Electrolyte

o
UMST
" ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

2lgoI KXl 2I5Y 55

> X =3 2Hlex O|2HM = =(mS/cm)
S (MW) (C) (0) In PC In EC/DMC
LiPF, 151.9 200 80 58 10.7
LiBF, 939 293 100 3.4 49
LiASF, 195.9 340 100 57 (Rl
LiClO, 106.4 236 100 5.6 8.4
LiCF,S0, 155.9 300 100 1.7
AtE: HAEEAY
Holla &5 X =/
ol HsiE K| HSE
4 S0 Hid
71 HsiE o279 x| o HE 27| HiE
=2 + {2120 St X| + 7t2H|) ASHA|
74 271801 + 21§Y  Ol24 UK + 2|§Y i o
+ 2|l&g + 2l§Y S|
o|l_ME: ~1074(S/cm) ~1072(S/cm) ~107%(S/cm) ~107(S/cm) ~107%(S/cm)
e 84 58 28 58 L 58
a2 e Ls otF £8 S8 Ol £8 oIF £8
LiPF, + PVAF-HFP + | LiITFSI + PEGDME + Li,..Al.Ge,_(PO,)Li.S-
of LiPF, in EC/DEC  LiTESIin EMITESI || — ¢ ' oAl Ge2, (PO,
EC/DEC BPA P,S.
jg: shasfsiol gl )
Solution NMR HR-MAS NMR Solid-state NMR

1D NMR: 1H, 13C, 170, 19F, 31P, 33S
T1/T2 analysis
DOSY NMR

7233 2| AR A2 20 M) AT HYE 2|

1D NMR: 1H, 13C, 170, 19F, 31P, 33S
T1/T2 analysis

Solid DOSY NMR

2D NMR: MQ-MAS
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 ULSAN NA

SCIENCE AND TECHNOLOGY

= A
2nl+1 rule o WPET

P(Phosphorus): 1=1/2 2 n['l' 1 ru | e
F(Fluorine): I1=1/2
N = Number of neighbor nuclear

_ . I = Nuclear spin quantum number
F/ I': F Upe:2*6%1/2+1 =7 (Septet)
Li* F","IIDQF Urp: 2% 1*1/2 + 1 = 2 (Doublet)
_ F il Coupling constant

1), = 1Jrp = 706 Hz
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1706 Hz
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Application

X=H, CH,
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SiD—s!i—OEi SiLiFDSi
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Q'(<Si0Si = 180%)

O
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—
®: Si
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ppm (TMS)

Fig. 2. Classification of silicate minerals according to the degree of poly-
merization of $i04 and their chemical shifts in 2°Si NMR (adapted from Magi

et al. [31]).
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fullerene nanatube graphene
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Figure 3. »C-NMR spectra of the fillers based on graphite.
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Application (Lignin) i WJPST
Solid-state NMR
.Llj:l?cellulosic blomass cguu:ﬁfc? (40-50 wﬂ! (1 H, 1 3C I DP, CP_M AS)

Plant cell emicellulose (25-35 wt%)
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Application = - urifsT

—LiGa ——LicQ
—— Monomer ——Lisalt
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Eﬁaieisiﬁg“fﬂi&; By s Jelymee By Chmpios Vg, ™ Sk —0.044 ppm reveals the isolation of Li™ from its counter anion. (E) Contour plot of
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number density of Li* projected to the yz-plane.
<LiGQ> E
B Sample / Intensity sy
< Monomer > < G-quartet > 0h/1.00 ]“_: \
120 h10.77 !
HON@o@c@sQuwO i T — 240 h/ 0.68 o 11 '\‘
L i Py Pty iy, 360 h/0.61 | I
j‘ﬁ f)\f\/ﬂ; i _J '
', [
| ol
l R | ey
e ~- et P 2 . s i
S oty b fdrsiephond i [P I L,
v 5 4 3 2 1 0 4 2 -3 4 .5

Chemical shift (ppm)

SR S TSALR | 162



Application

urfsT

SAN NATIONAL INSTITUT
SCIENCE AND TECHNOLOGY

= s}o
O|2Hx H7{L| & =tol SICSE -
A
1
= =

DY HIHH 2 &

AN |
a Electrolyte paste Printing & UV curing SICSE N\-.‘.Egr\_.lnﬂ,w,. it parcl S c2 T
(ETPTA) (Al,0) ;1' I

Dcctorb!ade\ c3 SICSE o E ; ; ——
U , e ¢! Y\
1 I
e ‘ ) 1 i
2 +—+
e e LiFsSI i 'T Z

" \ L
: ——ry

\ Z/ ) 3 2 1 o 4 2 3 4

Inorganic dielectric material

Inorganic dieleciric material

(TI-SI0,@ALO;) (T-SI0,@AI,00) 7Li Chemical Shift {ppm)
- ) ) ’
o i g i Figure S9. Conceptual illustration depicting the ion transport phenomena of the control samples i
v “_{“j ‘\.Q‘»" \,",{ ‘F{-‘ _'r-"b r :.J;)€ ] (C1, €2, and C3) and SICSE, along with their chemical structure and anion trapping sites. d) Li NMR SPECtra of the SlCSE'
Iy 1 T L L control samples (C1, C2, and C3), and LiFSI
= B F
" Lewis acid-base H ~ -
-‘ interaction i Trar °j“ TESE [j TESE
5ti 5t + 5tk Ny L R el
o] ot é_ [} 0 + " + " "
u:ﬁl HO. F _si. F‘n'u"'_s‘|-o-)--(-ojrlu‘ Ho.4 lon-ion
OH (')Hc OH(\) Fé s e ! ! interaction f
+o-s;—o»éc-o»;i—o-;il»o—ﬁn»o-}— -(-o-sl‘l-o-s_ e bt - g
A AL AL A E‘ ol O‘Z‘O‘: \N,f | ‘\.;. "\,;‘J\.I A @ Cit
X ol ¢ 3 B L & 0 Small wer @ SICSE
% Molecules " eld ==
Durion @ Anon @) Tisio@ALO, Coordinated electrolyte ™ _\ Cationic copolymer 1 |- \ e ci I‘. 36.5 o w ®
2 T,
.y 10" .~ ® SICSE ® 9
PP i tbcrits = |® Ty=1138ms
ADVANCED MATERIALS - ol i
10
L 3
10 -
vy 3
Research Article = & Full Access 105 = = 10" a 100 MHz \Sf‘f:_i t
Single-lon Conducting Soft Electrolytes for Semi-Solid Lithium e : PP S
" % & 5 s 1 (comelation time) 0 5 10 15 20 25 30 35
Metal Batteries Enabling Cell Fabrication and Operation under o Vicidig Moy sl g Time (s)
ime (S

Ambient Conditions ] )
g) Inversion—recovery plots obtained

from ’Li MAS NMR spectra.
HEXIRER YH[USAE |

Kyeong-Seok Oh, Jung-Hui Kim, Se-Hee Kim, Dongrak Oh, Sun-Phil Han, Kwangeun Jung, Zhuyi Wang, Liyi
Shi, Yongxiang Su, Taeeun Yim i, Shuai Yuan B, Sang-Young Lee B4

ed: 08 August 2021 | https://doi.org/10.1002/aenm.202101813 | Citations: 3

163



Real-time analysis i L UPNST

UESAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Parameter Walue

" L .
jl2 gl:;n :.::Lnnm KIF@“ o ni| 85
| AR
|3 Spectrometer LR — g0
|4 Solvent e S
‘5 Temperature T
|6 Pulse Sequence 2t
| 7 Experiment 1T
|8 Probe Ernin Sk T
|9 Number of Scan Kk !

10Receiver Gain
11 Relaxstion Dl
12Pulse Width
13 &cquisition TiomE
14 Acquisition DEE

17 Lowest Fraepensy
18MNucleus
19 &cquired-Size
QZDSpectr‘aJ =1l = )

sfrq : 150.85

sw : 8389.3

solvent : DMSO

temp. : 343 K

pw : 20 (45 °)

d1:5

aq: 1.953

ns : 48 (24h array exp.)

170 160 150 140 130 120 110 100 © s 70 & 50 40
f1 (ppm
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g

PFG NMR & DOSY o l
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(Polycatenane)

Triphenylphosphine
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Solid-state NMR (Perovskite) he s urfsT
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13C Solid-state NMR (CP-MAS) = urfiEr

AN 28-Swene—CRMAS-C13_3h
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spin © 25k
ref | HWVE
chemical shift : 17.3 ppm L1170
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5 Temperature 5.0 t I -80
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7 Experdment 1D
& Probe 1.EMM_FMAS 70
3 MNumber of Scans 12
10 Receiver Gain e 50
11 Relaxation Delay & 0000
12 Pulze Wdth 9000
13 Acguisition Time no1es | LEn
14 Acquisition Date ANE-04-Z8T 10 3335
15 Spectrom eter 160583
Frequency I Ld0
16 Spectral Width 1000000
17 Lowest Freouency =377 4
18 Nuzleus 13C 30
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20 Spectral Size 0% I
; : I I I | | . 20
, |“| || ‘ H ‘l ‘| 10
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13C Solid-state NMR (Coal)

SCIENCE AND TECHNOLOGY
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201604204 160422_H_form 49C _750C _20h _AIZT7
0164204 160422 _H_form 43C _7o0C _Z0h _RIZT

ref o 1.1 AINO3Z3
chemical shift : Oppm

Parar aetar

Walue

1 Title 201BM2S-
#180422_H_form A9C _FB0C _20h _A127
2 Orgin Warian
|3 Spectrameter  vomrs '__‘.g Ve
4 Solvent cdcl3 ” < o o ¢ go 5
1.23 o0 &
5 Temperature 250 nm @Cnliousilu cage (smparcags) *’
& Pulse onepul © cationsites  Supercage o FAU
| Seguence 20
7 Ewxperiment 1D
|8 Probe 1.6_kAM _FrAAS . &0
9 Number of 416 | |
Scans f
| 10 Receiver Gain 30 [ “ -50
11 Relaxation 3.0 |
Dielay | | | 40
12Pulse dth  9.0000 \ | |
13Acquisiion 0,005 f\ |
| Time ' L | | fl ES
14 Acuisition | 2016-04-29T17:14:56 1Jll ,f'r“\ f W
Date f W 20
15 Spectrometer 15630 | H
| Freguency [ JI L""l -10
16 Spectral Width 1000000 :
AT i HZI87 A Lk / \h\ v Ay g
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Application of solid state NMR  urf=r

Organic complexes Food products

Inorganic complexes Wood

Zeolites Ceramics

Mesoporous solids Bones

Microporous solids Semiconductors
Aluminosilicates/phosphates Metals and alloys
Minerals Archaelogical specimens
Biological molecules Polymers

Glasses Resins

Cements Surfaces

But, Fine particle + at least 20mg

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