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Qualification for NMR operation

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

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

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

| X|9t

S} (Zeeman effect)

Silver atoms

Furnace

Classical
prediction
®
. ® V..
Inhomogeneous What was
magnetic field actually observed
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(Principal Quantum Number) 2T (RUIE 37D
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(Magnetic Quantum Number) L T (2HIE HHED
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Magnetic moment

| XI2| BHIE (Magnetic moment)

— QD

M S X |IHE

(Nuclear magnetic moment)

Y XD

(Gyromagnetic moment)

MAGNETIC MOMENT

| s syAmoTtA

= —
(Nuclear spin quantum number)
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Energy states splitting (B,)

Anti-parallel of B,

>

M=-1/2

( B state)

Parallel of B,

-

M=+1/2

(a state )
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Electromagnetic spectrum i WJPNST

< Increasing Frequency (V)

]?24 1?22 I(l)ZO l(l)lS l?lﬁ l(I)H l(l)ll l(l)lO 1I08 l|06 ]04 102 100 V(HZ)
Y rays X rays uv IR Microwave |FM AM Long radio waves
Radio waves
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i -~ Increasing Wavelength () —

! Visible spectrum '

e e B
400 500 600 700

Increasing Wavelength () in nm —

Region of electromagnetic spectrum Interaction Spectroscopic technique
Y- ray Nuclear Mossbauer spectroscopy
e X-ray Core-level electron X-ray absorption spectroscopy
Electrons
Val
EI:;:::S 0 Frotons
© veurrons Ultraviolet (UV) Valence electron UV/Vis spectroscopy
Visible (Vis) Valence electron UV/Vis spectroscopy
% . . IR spectroscopy
Infrared (IR) Molecular vibration Raman spectroscopy
Microwave Molecular rotation Microwave spectroscopy
Radio=wave Nuclear spin Nuclear magnetic resonance
spectroscopy

—
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Spectroscopy

Absorption Emission

Spectroscopy
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1=-172 Excitation

>

AE

Relaxation
-

[=+1/2 _

Ground state Excited state
Lowest energy state Highest energy state

NMR
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| (Nuclear spin quantum number)

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 0 150
0,2,4,6
Odd Odd Integer (1,2....) 2y
Odd Even Odd Half-Integer (1/2, 3/2,...) 130
1,357 Odd Even Half-Integer (1/2, 3/2....)
15N
Resonance frequency (MHz) Tqb!e ?—2 Quafl:’upole moments, linewidth factors and receptivities of some
Nucleus  Spin  in field of 2.3487 T g value spin >3 nuclides™
H 1 100.00 5.585 Nuclide Spin Quadrupole  Linewidth Relative receptivity
2 ’ ' moment factor
10
“3 ]3 ;g;z ?:;“2)2 I 0110*28 mz 1056 ({md- DD DC
i - .
e 1 25.14 1.404 :E i 2- 2 % %gj gg X 13:: éigi N {8:“: 8-213>< ;gﬂ
14N l 7.22 0.4036 4 e e i X ‘
15 : 10.13 0.5660 "Li 3 -4x107%  2-1x107° 0-272 1-54x10°
. z ’ _‘ °B 3 8.5x1072 1-4x10™° 3-93x107° 223
0 2 13.56 =0.7572 "B 3 41x107  2:2x107° 0-133  7-52x10°
°F 3 94.07 5.255 N 1 1x10  5x10™ 1-00x107 5-69
#si ! 19.87 -1.110 0 3 -2:6x1072 2:2x107* 1-08x107° 6:11x107°
31p 1 40.48 2261 o 3] 3 -0-10 131072 3-56x107° 20-2
30y 3 9.80 0.5472 e 3 -7-9x107*  83x107° 6-66x107* 378
10y 3 816 04555 o 3 0-38 20x107 0277 1:57x10°
107 | ‘ ‘ *As 3 0-29 0-11  2-53x107° 1:44x10°
e : 4.05 —0.2260 2 3 -0-79 020  9-50x10%  5-39%x10°
Sn 3 37.27 —2.082 33Cs 3 -3x107*  1-2x10™° 4-82x107* 2:73x10?
127 3 20.00 1.118 '81Ta 3 3 <12 3-65x1072  2:07x10?
"Hg ! 17.83 0.996
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I=0 I=1/2
12C 13C

¢
9600 9096 96-9b 90-9¢
—— 90— 90— —9p—

Proton Neutron Proton Neutron
-e/3 -e/3
Charge = +e <§/ Charge=0
Spin=1/2 Spin=1/2
Neutron

AATX|UEL KAl | 14



Neutron Neutron
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I (Nuclear spin quantum number) e e

Nuclear charge distribution
Electrical field gradient

-+

-
-
<2nl+1 rule> I=1/2 1>1/2
L,
s 1=1/2 =1 1=3/2
1.5k yJisian
1.0vh I
03 1:”‘ PR ETE] a5 0.5y = 17”. rdisian
B, = 2
0.5yh
0syh LSERL 157 A
|-‘3‘j‘ﬁ 7\5]
1.5y 1574 0
(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.
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M, (Net magnetization) L urfET
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M
B, A

o

1=-1/2

Excitation - z
>
Parallel
AE
Relaxation
o = m) .
I=+1/2 nti-paralle
X
Ground state Excited state
Lowest energy state Highest energy state
NMR M. (Net magnetization)
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Energy term

h
)

= = exp(2Y) = exp(-

. 1
NN _ E AE = yhB,
N, Zn o 1111' l
—L =X — = 414
N, E ynh B C:__ I
m 0
2m AE = hy
Ey, = Energy of quantum state m (J) \ Nuclei precess at the vB,

¥y = Gyromagnetic ratio (T "1s™1) Larmor frequency. ——p v,

h =Planck’s constant (6.628 X 1073% ] s)
B, = Applied magnetic field (2.35 T = 100MHz)

27

= Different for different nuclei
* Depends on field strength

1 Yh Yh
Ay = [; = (~3)152B0 = 52 Bs
2.68 X 108 T~1571)(6.628 x 10734 Js)(9.38 T

AE = ( )( Js)( ) = 2.650 X 1072>J

2T
—25
v= 282 200X T _ 400 x 106 sl =400 MHz
h 6.626 X 1034 Js

HPRIAES B uSKE
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Boltzmann distribution .~ IrfsT

For 'H in 9.38 T magnet field

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

(04

a:f =1.000064:1 — 10°° (Thermal Equilibration)

MD = “bulk magnetization”,

a = 1.000064 sum of all spin vectors
‘é’ ' precessing about B

P
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Factors of sensitivity i urfET
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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 Relative® ¥noat
NB —(yhBO) l t Isotope (%) Z  Spin s v % 107" sensitivity 1T (MHz)
— = e “2mkT :
reat nucleus.  'H m 1 12 27927 1 42577
N, . o
H 00156 1 1 08574  0.4107 6.536
1og 18.83 5 3 1.8006  0.2875 4.575
g 81.17 5 32 16880 08583 13 660
To enhance sensitivity notsogreat  "c ¢ 12 o X32 10705
N 99635 7 1 04036  0.1933 3.076
poor. N 0365 | 7 12 -02830 |-0271 | X300 s
B,T yT TJ L |
0 also great. o | 100 9 1/2 26273 | 25167 0.83 40,055
»g; 4.70 14 1/2 -05548 —0.5316 8.460

also great. Hp |IU(J I 15 1/2 11305 | 1.0829 |6-551ID~' 17.235

# Magnetic moment in units of the nuclear magneton. ek (4ubac),
* Magnetogyric ratio in SI units.
¢ For equal numbers of nuclei at constant field.

;!

»
N
\.

— i magnet
L — T cryogenic
____—--'_-___-___ —T proba helium
T cylinder
I — cryogenic
= cooler siiiam
i compressor
Bo 4737 946 T 11.75T j helium
v, ("H) 200 MHz 400 MHz 500 MHz ‘ 1ri_n:sf er
v, (13C) 50 MHz 100 MHz 125 MHz H |_| - < = =

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

S/N~n7¥"*B," (NS)*

Number of spins

1. =9 Jj==0f HH(==, = =0 H|H)

2. BIWAtZ|E/7|ER71E2 3/2 M&2tE

3. 270 v, K&

600 MHz + Cryo(N2) = 950 MHz

o\ e
400 - '
950\ = 1.99 3.96
600 S '
950\ /" = 3.66 13.40
00 - '

Number of scans

Wé Scans

X4
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Summary

: =

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

<Laboratory frame> <Rotating frame>

V4 Z
/z" ""\-.‘
i

S c \ / c

/ o | ©
/ 'E; — N ,-' ‘a —
N o \ Noo

/ Pl / +
! - o - o
e g 2 / c g

I o Qo

\II" o
| s v }‘ | s
\ / . \ /\
/

2 5 Merry-go-round viewed from the rotating frame
Merry-go-round viewed from the laboratory frame T S T 8 TG e

http://chem.ch.huji.ac.il/nmr/techniques/1d/pulseq.htm GPXYER EHuSAlE | 24
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Laboratory & Rotating frame s

Applied magnetic field
+

1
———T = =
- -
- ]

Precessional .~ ' )
arbit .

Spinning
nucleus

Resonant magnetic field

" : ’ Static magnetic field
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One pulse i WFNST

LSAN
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Basic 1D NMR o
. I=-172 B \ Excitation
0 : pulse width(us) —
9(p (P : pUISe phase /d( Al Relaxation
}4— t, — 1=+12 =X -
. [t),e'ay R ’ Ground state Excited state
D ime

r V Lowest energy state Highest energy state
|
| \/ |

||n
@MHHHI\J s O NMR
¢ Induction Decay)

Fourier Transformation Parameter

FT D1 (Relaxation delay time)
G(t;)) — 9(fy) |

P1 (Pulse width)
PLW1 (Power level)
AQ (Acquisition time)

V(H2) xR e S| nSKE | 26
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Excitation

Oscillator coil (B,)

# = 30°

Receiver coil

90°

urisT
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0 : pulse width(ps)

0 @ : pulse phase
?
B
Delay
time H I‘.‘
FID
I ]
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- : , ol 23 o°©
Relaxation LEre | UPST

0 : pulse width(ps)
@ : pulse phase
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i oo
Relaxation LEre | UPST

R 0 : pulse width(ps)

T1 relaxation (recovery) 0, @ : pulse phase
' : ' signal 03% |‘— t —'|
- longitudinal relaxation e tosity e [
- spin-lattice relaxation - time
o FID
I | . |
>_
Time R Z_
T2 relaxation (decay) signal |
- transverse relaxation T
- spin-spin relaxation 2 "ne
> >
Time

-

http://www.youtube.com/watch?v=ZHtfnNAz-UM&Iist=PL40F1EEODF59D777A
http://www.youtube.com/watch?v=LvyADhrgc s&list=PL40F1EEODF59D777A K| EH|DSKIE | 29



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

FID(Free

Induction Decay)

| I'I/E T
ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

el
— P NLE
| S X
S AN
P % PN
sz
W > J
LY S & ! ‘i‘ \
B b b N
P iy
% oAl L%
{ = b PN !
| 22 \
§/: ; K\:'-‘:. &
R N\ N
, N |
\-; t '\\\ é
- \j

https://www.youtube.com/watch?v=IKp67I1qQjH4&index=1&list=PL40F1EEODF59D777A

0 : pulse width(ps)

0 @ : pulse phase
?
B
Delay
T time H I‘.‘
FID
[ | | ]
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Pulse width (pw) 900

R

Defected
Q0° Pulse .

A5° PLlse

295° PLse

S m e

S ectnam

%__

signal intensity

—

0 : pulse width(us)
0, ¢ : pulse phase

W(T

I i
90° 180° |
2 , |

flip angle
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Parameter calibration

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
2) Iz (Pl for 180 0) =P1for90° . gil;ﬂlliz\g:itshe(us)

Jtl L =y
| w —r

w‘ ~Tpange o aa

2. Find awmm/\ i 7 o

1) AQ+D1=T1*3~5 ID; k{\/\/\;\ N

2) Measure T1 relaxation time T 1\ | - "U’ ".\ oy ;/"“‘\ %me
a. tlirld (Find D7null, short exp.) \jr U ! 1\,/ s
b. tlir (Find T1, long exp.) N =

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

HX|E=E EHuSAE | 32



NMR)MST

() () z z z z z
Del "‘7-:::""'"""“ TTTTTEmmEmEEees '{“"')::'7:::'.?5'-: Giaiiainiaiaei Y
<_?ienl11L> “‘H m <_t§né;y_>ﬂ H‘H ™ I ‘} * T
h "ﬁ"““\‘\“‘y“‘s‘\\"ﬂ\:““\’J. : ‘ l‘m‘;\”\\w’h‘r\‘\r \” i o

e \/ AR a

X

M, follows an exponential recovery,
recovering towards its equilibrium value

AQ + D1 z-magnetisation M, with a time constant T1

kT
v

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

Figure 2: Sensitivity Dependence on Rotation Angle and Recycle Time

.

T1=3s

AQ+D1=T1*5

AQ + D1 =15 s for 90°

AQ +D1= 5sfor30°[1/3]

(Low angle = short experiment time)

Normalized intensity

X E=E B[ uSAE | 33



¥ rn/s T

Data acquisition process :

For example, number of scan = 4

0 0 0
<_Dlela ) Delay_> <_D_eIaL> 1 <_D_ela ‘
time [Hrl \M time ‘h \ time HM“W‘“M time [‘:! \‘
”f“\"“ oo W S | ! “ e
L ‘TW HP‘” i
H\‘ m i Il ‘H\
| J\ |
l FT l FT l FT l FT
Scan=1 Scan=1 JL Scan=1 Scan=1
) Vv(H2) ) V(H2) v(H2) v(H2)

I stacking

JL“
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) oo
T2 relaxation e B | | —

55 --e - ULSAN NATIONAL INSTITUTE OF
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0 : pulse width(ps)

0 @ : pulse phase
?
|‘— t —'|
B Delay
T time H I .
FID
T2 |
[ - ]

Laboratory Rotating
frame frame
/ N / T
\ ."lr \
J //
§ .ff // l
< M
T2* I‘ y 7 &~ = [
\ | y '
i S
i
\ b

http://chem.ch.huji.ac.il/nmr/techniques/1d/pulseq.htm
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T, " relaxation time (T, in rotating fram"ei)"'l'f,'..;. ST

ULSAN NATIONAL INSTITUTE OF

Av- Ar =1

If Ar (i.e., T3*) is small, then Av 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
Tor T,

G2 PHuIXE | 36



Tumbling rate vs Magnetic field

T1: Tz

ity

Tumbling power dens

10 - Small Highcr Lower
Molecules Field . Field
1 -
T1

1["-1 —
102 | Large molecules

: Polymers, proteins
100 |
104 |- A

g Solids
10° /vy = 10 at 100 MHz

| | | | | | I | |

10"? 10" 10" 1w0° 10 107 10% 10% 10°
Te (correlation time)

Increasing viscosity or molecular size ——=

Power Spectral Density Relaxation time Power Spectral Density Relaxation time

; —_—, : — Sl Tureikding —_—,
‘ T, | { T:
| =\,
Sfo,J=(1IT,) - E S(o, J=(1T,) s
Slog)=(1IT,) o -§ ®
E 5 k
c g =
s A g
g g
& £ ]
° -] =
o E o
=
2
Sm, Je{ 1T, )
Frequency Resonant frequency o, Frequency Tumbling autocamelation time T

Water/CSF
Gray matter
Muscle
Liver

Fat

Tendon

Proteins

Ice

4000
900
900
500 park
250 Bright
400
250
5000

HPRIAES B uSKE
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90
50
40 Dark
70 Bright
5
0.1-1.0
0.001

| 37



urfsT

ULSAN NATIONAL INSTITUTE
SCIENCE AND TECHNOLOGY

<Pulse sequence of COSY>

/2 /2 (90°)
B t I
<= Preparation P ¢ Evolution > ¢ Acquisition ==

<Vector of 2D NMR>

ﬁ/ /2 t /2 /
m—) — %ﬁ —) >
.. A

M o
/‘ ; ....... S

M=Mje~ /T2 Msin2nvt, I Mcos2mvt,

I ' :: V ::.
1 8 ) i

i { Contour

A o S ' =
t, —) ::'.F.'l —

I Yy R t, ->F1

2 : ; - :
W T i ! —
an i N i

F2 F2 F2
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Correlation in 2D NMR T g WIIET

Bonding Space

Scalar coupling Dipolar coupling
(J Coupling)

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

T T boun ™ J3um 1H-1H COSY Small < 700 Da < Middle < 1.2 kDa < Large
X=X Distance=3~5A
H H | L 1H-1H TOCSY H‘ lH
Ittt 1l 1H-1H NOESY
X X X | | 1H-1H ROESY
X—X
H H ) 1H-X HSQC
It | 1hX 1H-X HMQC H H
X — X X->1H HETCOR | \ | 2D HOESY
X—X
T T Lux ™ Janx 1H-X HMBC
X — X Motion
X-X COSY . . et
- DOSY (Diffusion
H H X-X INADEQUATE Self-Diffusion ( )
I I toux H-X-X-H Tumbli T1 (Inversion recovery)
— umblin
X — AQDEQUATE g T2 (CPMG)

Protein dynamics elucidated by NMR technique, 2013 HTX|@EE 2| uSKE | 39
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_ _ et ot
Correlation in 2D NMR ST WUriST

Exchange (EXSY)

NOE (NOESY/ROESY)

Diffusion (DOSY)

T1, T2 (Inversion recovery, CPMG)

T1, T2 relaxation

Exchange (Molecular tumbling rate)

o | i i f

g ooy Side Chain Rotation Ligand Binding, Allostery, Catalysis
g | {| | ||

€ e Transfer H TransferI Rotational Folding/Unfolding

0 { | | Diffusion

} {
Vibration H Bond l

Tine
I 1 I 1

fs ps ns us ms S hr
L ] i ]
£ "PRE’ ' CPMG
2 ' | ' ik 1
E R, R, NOE Lineshape  NH Exchange
) i 11 1 | ]
3 'Diffusion geoHARD, = CEST,
t‘é E-CPMG, ZZ-exchange
= R,,RD
< | ' i

Residual Dipolar Coupling
Chemical Shift

Protein dynamics elucidated by NMR technique, 2013 HTX|@EE 2H|uSKE | 40
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C13 with or without 1H Decoupling

zg (-NOE, -DEC) 2ggd (+NOE, -DEC)
Ch2(obs): C13 —I— Ch2(obs): C13 —I—
Chl(dec): H1 Chi(dec): H1
zgdc (+NOE, +DEC) zgcw (-NOE, +DEC_CW)

Ch2(obs): C13 —I_ Ch2(obs): C13 —I—

+NOE DEC (CPD) DEC (CW)

Chi(dec)Hl —in00———7-—7""— Chi(dec): H1

C13CPD C13IG
zgpg (+NOE, +DEC_Intensity) zgig (-NOE, +DEC, Integration)

Ch2(obs): C13 &I_ v Ch2(obs): C13 —I-

DEC (CPD)
DEC (CPD) Chi(dec): H1

Chil(dec): H1

NOE NOE -
(Signal enhancement) (Signal enhancement)

SR PHusE | 41



NOE (Nuclear Overhauser Effect)

Dipolar coupling N/4 - 5 - NOE

N/4 - NOE
CaHp
11 < N/4 + NOE
% e CBHOL
Q
%% i
"%

N/4 + A + NOE

Hetero NOE (1H-13C)
Cross-relaxation rate
1 w,—-w r
NOE = 14— 2 0 ul
2 2witw,+w, 1¢

1 ry
NOE =1+ 2<% (—)
2 1,

NOE =1+ 1.998

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

e

rfsT

ULSAN NATIONAL INSTIT
SCIENCE AND TECHNOLOGY

LI |

Ca Ha
CB HP
11

W (Transition Probability)

W, = Zero quantum
W, = Single quantum
W, = Double quantum

W, = 1H transition
W = 13C transition

N = Total Nucleus
A = Population

HPRIAES B uSKE
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4. Chemical shift
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Electron density _= urfsT

B Bind
less shielded more shielded

Figure 1.11 Nuclear shielding.

........

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

http://web.mit.edu/speclab/www/PDF/DCIF-IntroNMRpart1-theory-007.pdf - cmw xy

DXt | 44
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Electron density | {- urfsT

el

Electron density

Rt
&

H3C\S/CH3
HsC™ I\CH3
vl TMS
carbonyl methoxy methy Tetramethylsilane
downfield upfield
—
increasing V decreasing B
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Chemical shift

| ﬁ/E T
ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

60 Mhz instrument

= Vief

Vv 6 —| l«—J=7Hz
(14,092 G magnet) &(ppm) = f x 10 |
re [
|
TMS
(T N I B J“ I:!lr’l[llJA
400 | 1300 200 | 100 | 0 v(Hz)
6 5 4 2 1 0o
100 Mhz instrument | ! J="Hz
(23,490 G magnet) |
l
TMS
4ALA I R N R N A N R S A I N N |A
[400 300 1200 1100 | 0 v(Hz)
4 3 ° | )
Low tield > B, > High field

Low shiclding
High frequency =

High shielding

A

Low frcquency
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Chemical shift

HEL ] P

300MH=

400MH=

500MH=z

600MHz E

800MH=z= LT

| ﬁ/E T
ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

T T T T T T
2600 2400 2200 2000 iso00 1600

T
1400

T
1200

T
1000

T
800

T
600

T T
400 200 Hz

HPRIAES B uSKE
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chemical shift

TABLE 13-2 Chemical Shifts
of the Chloromethanes

* More electronegative atoms
deshield more and give larger

.l_.;:-_l. shift values.

II—I'T'—E'I &30

2.8 ppm

Lt

» Effect decreases with
distance.

H
1
II—|'—'1'I &3

s

NSNS

H
1

—t—a s - Additional electronegative
b atoms cause increase in
Changes h ehemeal o chemical shift.

remaning methyl protons by about
2 1o 3 ppm. These changes are
nearly additive.

1.9 ppim

X E=FEEHuSAE | 48



H chemical shift f urfsT

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Type of Proton Approximate 6 Type of Proton Approximate 6
alkane (—CH,) 0.9 T
3 /C—C\CH 1.7
alkane (—CH,—) 1.3 3
alkane (—CH —) 1.4 =i e
| Ph—CH, 2.3
C”> R—CHO 9-10
—&—CH, %l R—COOH 10-12
—G=0—H A R—OH variable, about 2—5
R—CH,—X 3= Ar—OH variable, about 4—7
(X = halogen, O)
R—NH, variable, about 1.5-4
N
/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.

SRR PHuIxs | 49
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TH chemical shift '-‘} g urfsT

Aromatic proton circulation Vinyl proton
5 7-8 of electrons B. 5 5-6
(ring current) induced
H induced field
in.d‘;ced ﬁellld ™ C C G reinforces the
reinforces the :
external field / \ H eXten,lal f,ldd
(deshielding) (deshielding)
Binduc >d \/ ! \/
B, induced mugntetic field BO Bmduced
Acetylenic proton Bjipduceq Shields
§2 the proton
H

& N

Binduced\ Ainduced

B()

2R PHusXxtg | 50
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Spin-Spin (J) coupling | urfsT

‘chemical shift of Hb

chemical shift of HP
d Br Br
Br—
B()
; opposes
H? reinforces field

field

G2 PHusAtE | 51



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

Peak splits by J-coupling = Pascal’s triangle

n n+l Intensity ratio  Multiplicity
0 1 1 Singlet
1 2 11 Doublet
2 3 121 Triplet
3 4 1331 Quartet
4 5 14641 Quintet
5 6 15101051 Sextet

n: number of equivalent neighboring nuclear

X E=E EH[wSAE | 52



2nl+1 rule

2nl+1 rule

H(Proton): 1=1/2

D(Deuterium): I=1
N = Number of neighbor nuclear

I = Nuclear spin guantum number

H 2),p:2*2*1+1=5(Quintet)
2),,:2%2*1/2 +1=3(Triplet)
ﬁ) Coupling constant
D D 2),p = Hz
DN S 2D

NN
)
D D

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

HPXIAEE BHUSKE | 53



Spin-Spin (J) coupling - Ethyl acetate - UIriST

Ethyl acetate

CH,

\f( .

5=2.0 ppm

0=1.7

i

Multiplicity = N (# of neighbors) +

-

ULSAN
SC|ENCE AND TECHNO DG\’

Spin-Spin Splitting patterns

1. Singlet. 3 equivalent

protons. Not coupled to any
neighboring protons.

2. Quartet. 2 equivalent
protons. Split (1:3:3:1)
because coupled to the 3
THs at the 2 position.

3. Triplet. 3 equivalent
protons. Split (1:2:1)

because coupled to the 2
THs at the 3 position.

1

X E=REHuSKR | 54
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NMR Information Cois  WIPNST

<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

X E=E EH[wSKE | 55



5. Tuning & Matching

Lock & Shim
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Tuning & Matching E urfer

Wobble signal

= 100 MHz
= 400 MHz

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 1H 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. colil

XA YH|wSAR | 57
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Tuning & Matching : : L e

Before tuning and matching After tuning and matching

NMR sample
Large No reflection
Sender/ -
recehar reflection
coil x ‘
Weak Strong
NMR NMR
signal signal
T
Tuning capacitor l
: .;\ M - M
| 8% Matching capacitor _— .I = JeV =
a ((I b c
q - 'I M E} Matching 5
- -a 'E,'
| 3 3
& &
I 1 Tuning
Frequency Frequency

XY PHuSXlg | 58
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Tuning & Matching ,' - i.'_';-;" UrisT

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%)

Theoretical Molar Receptivity Reference Sample Measured.
MMR Freq. | Receptivity | at Mat. Abund. MNMR Freq.
(free atom) {rel. 'H) {rel. '*C) frel. 'H ref)

A | Sym v, [MHz] Ry(H) Ry.(C) Reference = [MHz]

1]1n 584979 3.21E-01

1]1H 100.0000 1.00E+00 5 B7E+03 1% Me,S1in COCI, 100000000
21D 153506 9.65E-03 6.52E-03 (CD;).5i neat 15.350609
3T 106.6640 1.21E+00 ThS-T, 106.663974
3 | He JB1TET 4.42E-01 3.4BE-03 He gas 76.178976
6 | Li 147170 8.60E=03 3.79E+00 9.7 m LClin 0.0 14. 716086
7 | L 38.8667 2.94E-01 1.59E+03 9.7 m LClin D0 3B.863797
9 | Be 140536 1.39E-02 8.16E+01 0.43 m BeS0,in 0.0 14.051813
10 | B 107456 1.89E-02 2 3Z7E+01 15% BF;.Et,0 in CDCI, 10.743658
11 |B 320837 1.65E-01 7.7T7E+D2 15% BFs.Et:0 in CDCl; 32.083974
13 |C 251504 1.59E-02 1.00E+00 1% MesSiin CDCl; 25.145020
DSS in D0 25.144953
14 | N 7.2285 1.01E-03 5.90E+00 MeMNO; + 10% CDCl; 7.226317
15 | N 101398 1.04E-03 2 23E-02 MeMO, + 10% CDCI, 10.136767
liguid NH, 10.132767
17 |0 13.5617 291E-02 6.50E-02 0.0 13.556457
18 | F 940570 8.32E-01 4 BOE+D3 CCIsF 940894011
21 | Me 7.8987 2 46E-03 3.91E-02 Meon gas. 1.1 MFPa 7.8947296
23 | Ma 264683 9 27E-02 6.4BE+D2 0.1 M MaCl in D0 26.451900
25 Mg 61260 2 GEBE-03 1.5BE+00 11 M MgCl; in 0,0 6.121635

https://kodu.ut.ee/~laurit/AK2/NMR_tables_Bruker2012.pdf CITX|QIEE XH| QXL | 59
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Locking & Shimming Ee s arfeT

ULSAN
SC|ENCE AND TECHNO OG

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, 72, 73, 74, X1, Y1, XZ
and YZ.

A

BO | r"] BO | >
Time Time Sample Space

2R PHuIXxE | 60
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Shimming _‘ ST

SHIM 1S OK 2-nd order 2-nd order
me
1-st order 1-st order leffd asi):nlhclry Sl:leg‘-;fd
lnc, upper part
bmad or of the line
spht
1-st & 2-nd orders

3-rd
A shoulder on a peak
order J is a common distcrlion.]

4-th order 4-th order 3-rd & 4-th orders

broad hump
very close to

the baseline

SKETCHES OF LINE DISTORTIONS CAUSED BY VARIOUS GRADIENTS

HPXIAEE U USKIE | 61



6. Solid-state NMR
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Interaction in Solid-state NMR

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Fermi Contact Interaction

Dipole Interaction

E Shift Interactions

Fermi Contact
o

Nuclear—Electron Spin N
//' \ Chemical/Knight Shift ﬂ | :-
| Anisotropy (CSA/KSA) . ezt
/ —_——— N Electron : l ! ,{‘ f
/ Frequency ucleus a2 Electron spin BB
’//" N \\\‘ with spin \:L:tsi:i:m' inside the nucleus p.;j: ';’i;[i,lc\l?ﬂ:mi Contact
Chemical Shift || Knight Shift || Fermi Contact Shift nucleus
B, ‘ ) Unpaired
k. ) Electrons . . .
: e.g. LiMn,0, Chemical shift: Interaction for valence electron
€ . . . .
' Through Bond Knight shift: Interaction for unpaired electron
Conduction Fermi Contact
Electrons n (FC) Shift
(Unpaired)
I_F] 7 e + Ha Ha
. B s S Y e
Pake Doublet e i

z| -2 g o
3 T
Bl sz ¥ 12
Fi T~/ H
requency - —_——_EI:‘. : % E
\ ) ’ ] 1 : :
S P :
Energy state L P ;
Q. N 2nl+1=4 wxl, | 1] ;
: oo Central oo :
Satellite Transitions i A : :
C K Transition ¥ ;
EFG - i
/] v : v v
K . L g va
/)
/ _ - A ‘F— Figure 2.2: Result of the combination of the Zeeman and the quadrupole interaction
requency for a Spin I = 3/2 nuclei in an external magnetic field.
Quadrupole Frequency ' ‘ =
Moment

HPRIAES B uSKE
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Hamiltonian in NMR i WPNST

SCIENCE AND TECHNOLOGY

Hroma= Hz + Hp + Hge + Heg + Hg + -
13C NMR Dipolar Scalar Chemical shift Quadrupolar
At94T (J-coupling)
H; Hp Hse He Hq
(Through space (Through bond of
between spin) electrons)
In solution 100 MHz 0 kHz ~ 400 Hz Isotropic value 0
In solid 100 MHz Up to 100 kHz Up to 10 kHz Up to 100 kHz Up to MHz
CSA
(Chemical Shift Anisotropy)
How to Dipolar Scalar MAS MAS
remove decoup“ng decoupling (Magic Angle Spinning) (Magic Angle Spinning)

High field NMR

AR PHWIXE | 64
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Solid-state NMR f urfsT

Salt
(Solute)

,:> Solution *C NMR

Dissolve l

Salt
Solution

Solid State °C NMR
(Siall-.::e]' ﬁ

150 100 50 0 ppm

Water
(Solvent)

G2 R PHuSAE | 65



CSA (Chemical Shift Anisotropy)

O3 z
a_taa
811
i,

Oxx Oxy
6 =| Oyx Oy

where dpas=| 0 84

and u= (uyy, Uz, us3)

0

oo O

| ﬁé T
ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Isotropic value
(Solution)

signals from
different
orientations

Figure 2.12. The effect of CSA on NMR spectra: a) Isotropic signal in solution-state
NMR as a result of rapid motional averaging. b, ¢ and d) Powder patterns observed at
different values of the asymmetry parameter 1.

asymmetry parameter =n (eta)

HPXIUER BHRSAE | 66



Magic Angle Spinning (MAS)

Isotropic value

Viso

. | If/E T
ULSAN NA}IONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Viso

, BOA static l 1 kHz l
F
. X8
— : A5 <510 5 0 5 10 15 A5 <10 -5 0 5 10 15
i1
; - E Viso Viso
P (e 1k 9‘{”‘? v, 3 kHz 1 10 kHz
009 — 3V LA
» x2 x1
/ = a5 <10 5 0 5 10 15 45 <10 55 0 5 10 15
X < v/ kHz v/ kHz

Figure 2.17. The unit cube representation of the magic angle (/eff) 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

1
wp(0) = 2mvp(6) = yBo[1 - 0is — §A0(3c0528 -1))

1 )

O =54.7°
3cos"20-1=0

X E=FE EHuSAR | 67
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Spinning side-band urfsT

SpINnIng rate

10kHz
1
" HkHz

*
. | .

JkHz

* *
* i l i %
b 3 -
* * 2 kHz

.—J 1 kHz
SEERRED

| I | | |
10 -5 0 5 10
kHz

G2 PHuIXE | 68



Pulse sequence in Solid-state NMR

DP (Direct-Polarization, One-pulse)

Acq u i Si ti on Lab frame m,.:— lllll Extremely different frequencies
D1
H (o @ > e
Ch2(obs): C13 S
N
Decoupling Rf rotating frame: @y = Wy I Matched frequencies
Chl(deC): Hl H —< W Polarization Wy \/\)— Y

I
Hartmann Hahn match

CP (Cross-Polarization)

Acquisition
D1
Ch2(obs): C13 t

Spin Lock Decoupling

Chl(dec): H1

DNP (Dynamic-Nuclear-Polarization)

D1

“ Acquisition

Ch2(obs): X

| ﬁ/E T
ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

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

44
bar

150 100 50 0
8 "C (ppm)
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Application of solid state NMR

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/ < CTTE—
i === (=] |



7. Hardware
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NMR diagram N Iy

ULSAN NATIONAL INSTITUTE OF

SCIENCE AND TECHNOLOG Y

workstation nmr console
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Magnet diagram

Shim Cails-"
Transmitters| |

| I'I/E T
ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

T i bets

— Lowwser Shirm Stack

superconducting

Prabe

coil

Probe head
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Varian 600 MHz NMR =

~ Location 102-B119
' s ]
o
: 7 r Measurement Type Self / Request
| - « 8% i
Model VNMRS 600 (Varian)
a Magnet 141 T
Channel 3 channel

5 mm PFG Auto X DB probe

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
chl:'H, 9F
Channel Ch2 : 170MHz(3'P) ~ 150 MHz (3C)

ch3 : 150MHz('3C) ~ 60 MHz ('°N)

Temperature -60 ~ 100 °C

X E=R B uSAR | 74



ST

_ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Bruker 400 MHz NMR Iri

Location 102-B119
Measurement Type Self / Request
Model AVANCE 11l HD (Bruker)
Magnet 94T
Channel 2 channel
Probe BBO probe
Auto-sampler (0]
Auto-tuning & matching (0]
Power 100 W / 500 W
Ch1:'H, "9F
Channel Ch2 : 160MHz('3¢) ~

49 MHz (°N)

Temperature -150 (20) ~ 150 °C

PR A2 EH[wSKE | 75
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= Location 102-B119

Ly e e bt ol e L L (o 2023) urfsT

Measurement Type Self / Request
Model AVANCE NEO
Magnet 14171
Channel 2 channel

5 mm Cryo-probe

AT 5 mm |-probe
L-N2 (77K) -> S/N ration 2~3H} P : 5
L-He (4K) -> S/N ratio 44l uto-sampler
Auto-tuning & matching 0]
Power 300 W /500 W
Channel Chl:'H
Ch2 : 240MHz(3'P) ~ 27.6 MHz (1®Ag), '°F
>
[1]
I ! > Temperature -150~150°C
[ I

HTXAEFBH[SAE | 76



8. Pre-treatment
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NMR solvent

Dielectric constant : Polar > 20 > Non-polar NMR Solvent Storage
Avoid light & moisture: All NMR solvent
Store refrigerator (4°C): CDCI3, THF-D8

D O

1
il S
Cl Cl D3C/ \CD3

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

O
D/ \D

D20
» Dielectric constant: 78.5
= Advantage:

- Cheap

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

X E=EEHuSAR | 78
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CDCI3 + Light -> HCI : ,
= Use silver foil (|:] oht L;l C],\

(Stabilizer, radical scavenger) Cl—-C-H +[O] % (1-C-OH——> (=0 + HCl
- (LIJESIe mc’lecll_-:l;(r))Sieve (l:] Ll 1 C1 (Phosgene gas)
iminate
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 1009 (CDC|3) il A: Adsorption of Non_po|ar ||qu|d
(H20, C0O2, S0O2, H2S, C2H4, C2H6, C3H6, EtOH)
« 5 A: Adsorption of Linear CxHx to n-C4H10
Alcohols to C4H90OH
C4HOSH

https://m.blog.naver.com/PostView.naver?isHttpsRedirect=true&blogld=release&logNo=50091986445 X AER | SXtE | 79
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Quality of sample tube

ULSAN NATIONAL INSTITUTE OF
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Thin wall (Precision-Glass)
* Temp 120 °C
= Critical shimming quality
(low Fe203)
» Good volume reproducibility

5mm Thin-Wall NMR Tube Comparison Table

. Precision Precision Precision

Type 1 Class B Type 1 Class B Type 1 Class A .
» High sample volume in RF caoll Borosilicate Glass ~ Borosilicate Glass  Borosilicate Glass 162" Fused Quartz - Synthetic Quartz
* 535-PP-7 (600 MHz grade, $40) Impact On
* 527-PP-7 (400 MHz grade, $25) ;hm:.mlgg Medium Medium Small None Mone
Par::_:;'n:;i‘ (1200ppm Fe,0,)  (1200ppmFe,0,) (400ppmFe,0)  (0.5ppmFe,0)  (<0.005ppm Fe,0)
Economy (Mlddle MW) Impurities
= MW<1500, RT Maximum
* WG-1241-7 (600 MHz grade, $10) Working Ambient Ambient 230°C 1300°C 1300° C
« WG-1228-7 (400 MHz grade, $9) Temperature
Sample Volume
- 10% 10% 0.5% 0.5% 0.5%
High-Throughput (low MW) Reproducibility
R 10 NMR Experiments 0
up to 600 MHz, MW<250, RT Small molecule experiments requiring critical EOEH?JHME"I::E': Photochemist
* WG-1000 ($2) Recommended experiments up to with small shimming guality ex ?Irnenls 9 studies with deg
Applications Sl oFganic Lot il hoI::chernist‘r LV light sourcep
(MW <250) molecules dimension, multi- P <tudies Y 9
(MW<1500) nuclei)

O :

O |

Heavy —— Deviation from
Wall i straight line W
Thin

Wall—»|

b J

Example of a NMR tube

with poor concentricity Example of
poor camber

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

HPRIAES B uSKE
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Special purpose sample tube : urfsT

A B A [ ] s —
g H]l/ [y g
> q B 3 z
+ m @
@ g g
= o g E T8
e Ne) 17&mm
3 “‘\ 2 =
TU - é gk
£ 3 4 )‘\3
O H £ i 7V g
= u/_ n lmr \5::‘ Cm: Y Y N - z; E‘ . %
Reduce sample volume (1/3) v L R = B : ’
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 SIpX|@lEE XH|NSXlE | 81
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Special purpose tube & cap TEe s urfET

250-1x-2
Swagelok
Mut
Pressure/Vacuum Sample Tube Comet N
To Gas tubing gie
Cylind
Wilmad’s Pressure/Vacuum Tube is the most reliable NMR tube for medium viinder \ 'l; Front
range pressure (<300 psi) experiments in the market. It is designed b B 2
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. BOR C IN THE PART NUMBERS
The PV-ANV valve is made of PTFE and all other parts are Pyrex® or equivalent .
F

glass.Valve is opened simply by turning counterclockwise. To V:ium Et h yI V| n yl AC et at e Cap

Swagelok® 1/8" 0D Rack :m @ D L Ch

thread ¢ 1 /l * \ eap

8 eppe H
g:jmﬁ rr?:%f: 32 D gty & . » Avoid CDCI3, Acetone-D6
OF-60 -
0.8mm ID )-‘_ ube Len
Flats  Viton Vale OO 10mm " foetensn 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).

o

i

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 tap €
traditional J. Young tubes n Cheap

« Axial symmetric design guarantees application in spinning experiments » Use CDC|3 Acetone-D6
H

« 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 CIX|EE XH| N 2XtE | 82
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Volume and concentration i L WUPST

« 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 (MW=200), 1 mg /500 ul = 10 mM = 2000 ppm
Sample B (MW=500), 25 mg / 500 ul = 100 mM

HPXIAEE U USKE | 83
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Referencing Cois  WIPNST

<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-D6, etc.)
2-2. Reference sample (P31: TPP =-17.57 ppm, F19: TFT: -63.72 ppm)

Spacer — —_—

3. Coaxial sample tube (Evans method) 1 M1 | J 5

- Inner tube: NMR solvent or Reference

- Outer tube: Sample

178mm
7

: Measurement area :

SRS T By

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

APAEER Y AR | 84
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Paramagnetic effect iEEg L WPIST

* Degassing

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

* Doping agent (Use Paramagnetic agent) ,L
- Reduce T1 & T2 -> Short experiment time \ ~
- Line broadening effect (poor shimming)

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

(%I - o O _
CI” “ClI H3C CHz| Cr¥
} -3
GdCI3 Cr(acac)3
Gadolinium(lll) chloride Chromium(lll) acetylacetonate
or
CuSO4, MnCl2, NiCI2 Dielectric constant : Polar > 20 > Non-polar

https://onlinelibrarywiley.com/doi/full/10.1002/masy.201300034 SITx|elE X D SR
i =T o

| 85
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Sample preparation IR LIPS

= Wash sample tube to acetone or ethanol.
Cheap sample tube dry-situation tilted state in oven make possible bending

(Sample tube bending test — rolls the ground If bending

sample tube spins, quartz glass in probe has some damage.) .
pinner
_/ \__
[ —— NMR Coil 2 g
e ‘\,v E E
o) .
: E Center solution
® 7 on the center Sample height
u:;}" of the receiver ~ 4 cm
£
Pro be Bottom VT Gas Flow —{___ ! | Temperature Sensor
Depth gauge
8
3
[
Heater ——| | £

Figure 3.1 Sketch of sample temperature control in a NMR probe
HPX|HER PH|USAIZ | 86



Sample preparation

1. Perfect solution sample filters syringe filter.

(If your sample has insolubility, It makes low resolution and sensitivity about peak)
2. 5 mm sample tube inserts sample 0.5 ml (500 pl, 4cm)
3. Spinner placed on depth gauge insert sample tube

(>¢ Dont touch O-ring)

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

<l !
:

5. Remove depth gauge.

X E=F EHuSAR | 87
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Sample volume and height i IFS'T

Coils

i 3/5/8mm

Coil
FPAS IS
S SIS SIS

VTS
Coil
40 mm
400 - 500 uL

v
I BEST Worst

Bad shim Bad shim

E
- pal
w

q
]
Q

N : 3 N
NN R N N
: N \ E : N 3
N B R Y IR
—g: ;"mi"""u-:"-% :" .
= | Poor sample area

X E=EEHuSKz | 88



Sampling for PF6 or Toxic sample f urfsT

ULSAN NATIONAL INSTITUTE OF

Standard Evans method PTFE tube
7 [T '
Y 1
»
93
178mm Reference

(NMR solvent, Standard)
% \
L
Sample
’ J H U

IFiref Smm Complate
Tube s el
Tuka

Coaxial tube

G 2R PHuIXxts | 89



9. Operation Manual

-
- by a d
¢ L ]
lﬁ a
' e 87,
p. ‘: ':.,
3 3 o s J
3 4 v -
y:8 P
s . B
3 -
o :

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY




9-1. Manually
Operation

-
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s . B
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SCIENCE AND TECHNOLOGY

E i t t e 2
Xperiment setup e A

1. Create Dataset

] Start Acquire Process Analyse Publish View Manage @

' Create Dataset | i 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

NAME proton_exp Experiment name : ex) 20160908 _Test_1

EXPNO 1 \ Experiment number : ex) 1(1H), 2(13C), 10(2D) (1~999)
PROCNO 1 \ Processing number: ex) 1

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

Solvent 'DMSO v NMR solvent

Experiment Dirs. ib:\Bruker\TopSpinS,OAb.40\exp\§tan\nmr\par v

Experiment " - 'PROTON v Parameter set

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

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

] Show new dataset in new window

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

| ok || cancel || moremfo_ || Hep |

X E=E EHuSAE | 92
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. TS "=
Experiment setup 5% iy LTS

2. Sample insertion into the magnet

El Start  Acquire = Process  Analyse Publish View  Manage @
¥ samplev | #ELock V Tunew &b spinw & shimw € Prosol I Gainw [ Gow |Optionsw

15 10

Amplifier Control

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

Acquisition information

no acquisition running

Fid Flash Lock Samg

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

1 23 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
/ / / ] Emergency stop button towards the Transport tube and transported to the
(] . . magnet bore.
x . 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.

[e)]
N \/—'
®
‘/‘
oo wWN

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

HPXIAEE U USKE | 93
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) SRS “s
Experiment setup ey LITORE

3. Lock

& Start  Acquire = Process  Analyse Publish View  Manage @
{P Sample - ﬁLock V Tunew JL Spin = &t Shimw J{" Prosol ' Gainw & Gow thionSv

Click ¥ Lock (lock) - Acquire tab

H Solvents table @

[ oSovent [ Deseripton |
Acetic acetic acid-d4 A
Acetone acetone-d6 Choice lock solvent
ALCIORE HUmE ___ aCCIoR=S5 (CHER) (or, “lock used-NMR-solvent” ex) lock DMSO ).
C6D6 benzene-dé
CD2Ci2 methylenechloride-d2
CD3CN acetonitrile-d3
CDCI3 chloroform-d
CDCI3_SENS chloroform-d (ETB)
CH3CN+D20 HPLC Solvent (Acetonitril/D20)
D20 deuteriumoxide
DEE diethylether-d10
Dioxane dioxane-d8
DME dimethylether-dé6
DMF dimethylformamide-d7

| omso  dimethyisulfoxide-06

EtOD ethanol-d6
H20+D20 90%H20 and 10%D20 B

Lock nucleus: | 2H v [ OK ] [ Cancel ]

X E=R B uSAR | 94
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Experiment setup = lJl'ﬁ‘/El'

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)

) - o]

AR BH[wIxf= | 95



Experiment setup

Start Acquire Process Analyse Publish View  Manage @
I samplew ##ELock V Tunew b Spine & Shime  &VProsol - Gainv | [® Gow  Options

4. Tune

Click | W Tunew (atma)

5. Spinning

Click b Spir-‘lv, (ro on)

6. Shimming

Click | &% Shim= (tg)

7. Prosol

Click ' &¥Prosol (getprosol)

8. Receiver gain

Click | T Gain+ | (rga)
: GRS B ISKIE | 96
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Acquisition e - o

13 Start  Acquire = Process  Analyse Publish View  Manage @
I samplew ##ELock V Tunew b Spine & Shime  &VProsol - Gainv | [® Gow  Options

9. Parameter

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

10. Acquisition

Click | %7" (zg)

X E=R B usAR | 97
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Experiment end he L UMiST

13 Start  Acquire  Process  Analyse Publish View  Manage @
 samplew #HLock V Tunew | db Spinw & Shime ¥ Prosol '~ Gain v D Gow | Options »

Click | db spinw

- coizie! ) b v Stop sample rotation (ro off) spinning

Turn sample rotation off (ro off)

Change sample rotation rate (ro)

I BSMS Control Suite

Main | LockiLeve! | Shim | Autoshim | Senvice | Log | Help
AUTO

MAS Pneumatic Unit (masdisp)

| Pnase Power Gain Lock Shim

LOCK

SAMPLE

UFT

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

SHM
~_Spin

Nonén\x(f\

Y

STD BY

Previous Actusl

Absolute
Difterence
Stepsize
| Sample down missing up

@

HPXIAERBHRSAE | 98
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To use manually operation e - L

ULSAN NATIONAL INSTIT
SCIENCE AND TECHNOLOGY

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

§ atma- Auto tuning & matching
7) getprosol - Update standard parameter [ex,p1, plwl]

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

X E=EEHuSAR | 99



9-2. Automation
(lcon-NMR)
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- “ -
Experiment setup Cois  WIPNST

1. Open Icon-NMR

4 n [ 15 10

||iconnmr

Amplifier Control Acquisition information Fid Flash

no acquisition running

To open Icon-NMR : Prompt types iconnmr

G? IconMMR: spect = 22

Fie Help
BRGR R

Ll > =
Routine B e
Spectroscopy T =S Automation Toolbox Configuration

Routine Automation ToolBox Configuration
Spectroscopy

GPA|QEE B USKE | 101
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Experiment setup oies (WIPNST

2. Automation

iy

Click ' &=jaomies Automation
| .Autgmati(m. o
ﬂq. lconMNMR: spect = 28
Fle Help
Lah - —
Routine S e
Spectroscopy [ =% A Automation Toolbox Configuration
Routine Automation ToolBox Configuration
Spectroscopy

GPAQEE B TSAE | 102
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Experiment setup i WFNST

3. Login

Select user ID
Insert password

= 22 W&, 1conNMR: dentify User =i
Fle Hep i Help on logging in
B&g“ User'sFullName  UserID

BBIOK BBIOK
gflfr'fhu Han aBSIF? " - b |
s s ﬂ'q, IconMMR Password Check [ = | (=] &J

|

I Please enter password for

I HSP
Routine .":!l—' = = ‘ | Ll
Spectroscopy °"Alﬂfl\ﬁnmaﬂon Toolbox Configuration ( -"}

Routine Automation ToolBox Configuration
Spectroscopy

I Cancel
|

™™

UserID  UNIST v

GTR|IEE TSR | 103
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Experiment setup | rfsT

4. Experiment Table

1) Check holder status

2) Double click
empty holder (1~24)

Ne - B
3 P
' 3) Type sample name
~4) Change No.
ST -k _ o (experiments number)

5) Select NMR solvent

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

30 |- B

py o e 7) Change parameter value
- W MG 16 Humber of icant a2 I
- (ns, p1, d1 .. etc) |

(=14

X2 PHuSxE | 104
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Acquisition . f' S urfsT

5. Acquisition ] ® 2 2 =
& TconNMR: Automation Sep06-2016-2102-+5» I

File Run Holder View Find Parameters Options Tools Help

A,:‘ B il kd Stop &2 i

Experiment Takle

5) Choice experiment holder

Holder Type Status Disk Mame e
[+ 1 Available . .
b 2 Available 6) Click submit
[ Available
[ 4 Available
[ 5 Avvailable
I» 6 Losailable
I 7 Available
[ 8 Available
[ 9 Available
[» 10 Losailable
[ 11 Available
~ 12 ' 1 Running
E Running CM\Bruker\TopSpin3.5pl5_RE 0gA92016-HSP 1
= 13 i 1  Awvailable
] Available C:h\Bruker\TopSpin3 5pl5_RE ~ | 0B092016-HS5P - |2 :
[ 14 Available
[ 15 Available
[ 16 Available
[» 17 Available
[ 18 Available
[ 19 Available
[ 20 Ayailable
[ 21 Available
[ 22 Available
[ 23 Available
[> 24 Avvailable
[ 25 Availakie
[ 26 Aypdilable
[ 27 Available
| Areailabl
Submit Cancel Edit Delete Add 1 Copy 1

GTR|IEE MM TSR | 105
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Acquisition i rfsT

6. Check NMR data

7) Double-Click

# Date Holder Hame MNo. Experiment Load ATM Rotation Lock Shim Acq Proc User Disk Title/ Orig
C\Brukes’, - -
) TopSpin3.5 P d E t t
HS5P
o5 R receaing cxperiments tap
a\
C\Brukes
1 2016-09-08 11:54:32 13 D6032016-HSP 1 PROTON v v v v o v HSP Topspind.5
54 pi5_RE\dat
#\HSP\ nme

2 X16-09-08 18-

12 08092016-HSP 1

8) Show NMR-spectrum

Search Preceding

Toghpin 1555 on BRI
Start  Acquire  Process  Apalyse  Publish  Mew Manmage &)
Create Dataset | Find Datasst i/ Open Dataset I Paste Dataset ||.] Rgad Pars

@ Wi T
il ==t 4 F
7 GG L1 o o 508 FE i FEP oa-

m Brockars | dcuPars | Title | PuseProp | Pesks | rtegrais | Sample | strucre | Piot] P [ e

Y [
" " : } e
e T T I e e TS T S
Temparare
L 29 °C X on & FegSlate.

© | hulostin & Locked G E;

GTR|IEE S aSALR | 106
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Acquisition = S urifsT

E A

nmrsu heliumlog

N

Computer  image info

h m
Network unistlicense (e TconNMR: spect. = P3

L. F 5
RecycleBin  examdata -

Shortcut:

Routine ) b =
Spectroscopy 5 =S¥ Automation =Toulbux Configuration

Routine Automation ToolBox Configuration

Spectroscopy
JKER s

TnsightMR
05

o

TopSpin
3.5pl5

6:46 PM
9/8/2016

GTR|giEE S aSAlR | 107
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10. Processing
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Processing i WPST

j Start Acquire  Process Analyse Publish View Manage @

A Proc. Spectrum » ’\‘ev Adjust Phase » ,fg\., Calib. Axis » ?ﬁf’.\ Pick Peaks I 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)

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) LBHZ= |1 \ LB -> sensitivity 1, 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~ Basefine Gomection (abs), [ TMS - chemical shift = 0 (Automation)
Plot (autoplot) [0 LAYOUT= ;+/1DTH-XWP v‘

Warn if processed data exist O * To save

Click| /. Proc. Spectrum= |
HTA|UEE ISR | 109
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Processing i WPST

| Start Acquire  Process Analyse Publish View Manage @

A

JL Proc. Spectrum » "\‘% Adjust Phase » g Calib. Axis » ?gf’.\ Pick Peaks + f Integrate » | Advanced =

Process tab | /'% Adjust Phase »

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

4 ruker Topspin 3.0 on WIN-4BLRVASISHQ = Adminiswator 1 S

L J Start Acquire Process Analyse Publish View Manage @ |1_

\ o
N Proc. Spectrum+ |""€'Ad1usl Phasev| A Calib, Axs = 97 Pick Peaks = Ilniegralev Advanced - .-'|| D 1 R gu _gu‘lau ﬂ b II % a| ‘J

= |t Gj@:::m 'lj.ﬁ“uu Adjust spectrum phase manually (.ph) || igf\ D -4 S,

Q|| )

L
z= D (D~ | Enter manual phasing mode. Allows you to An mm
He| [ aa i || Qe o SrE M@ EFET L) A

adjust the zero and first order correction
Browser | Last50 | Groups

va || W

(@] tems PHGO and PHCT b pspins OWeramdata =l

£ ), C\Bruker\TopSpin3 0\examdata A0 1 R 90-90180) 1 = Il % 1 d ‘
exam_Daisy

exam_DNMR_ipr2sic
exam_DNMR_MeZNCOMe TH Cyclosgorin
exam_elucidation_1 . : : : :
exam_elucidation_2 : : : EEUUUU RN SO RRRRTRN OO

pivat = 1.26 pem Phase increment = 0,003126 phQ = 0,00 phi = 0.00

Spectrum moves like a seesaw shape

14 [rel]

exam_elucidation_3 .
exam_elucidation_4
exam_verification
exam1d_13C
examid_1H

1-2007-09-18 18:21:15
Bl 2 - 2007-09-18 18:13:06

exam2d_CH

exam2d_HC

exam2d_HH

exam3d

examAutolink

12

&

10

—» Spectrum move uniform

8

4

2

0

—_
-

SRjgiEE MHaSALR | 110
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. R s
Processing LEre | UPST

| Start Acquire  Process Analyse Publish View Manage @

) Proc. Spectrum = "\"Qw Adjust Phase » 3 Calib. Axis » ,X" Pick Peaks » _f Integrate » Advanced »

A

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

Browser | Last50 | Groups : 1 Mo acquisition running: examld_1H 1 1 C:#Bruker#TopSpin3.0wexamdata o [ e
= 1. CABrukenTopSpin3.0\examdata JE\ C J|
* 1/ exam Daisy . : : : : : : -
exam_DNMR_ipr2sic 1H Cyelasparin : : : : : : L 8
exam_DNIMR_Me2NCoNe 7.27 ppm 4 3635.09 Hz / 50013363609 WHz / Index = 8100 - 8138 : : : F
exam_elucidation_1 : : : =
exam_elucidation_2 OEF INE REFERENCE FREQUENCY . . . F
exam_elucidation_3 . S ‘ : : : L
- APIr Define: Left-click inside data winddw
exam_elucidation_4 . . L
exam_verification | o
examid 13C L
= examid_1H : : : : : : : L
B 1-2007-09-18 18:21:15 : ; ; ; ; B : : L
2 - 2007-09-18 18:13:06 : & calibrate == : : L e
exam2d_CH : : : L
exam2d_HC : Spectrum calibration frequency : : |
R i
AT : Cursor frequency [ppm] : : -
examAutolink : : : L
: : : : : : R o
— =
— o™
T T | T T T | T | T T ‘ T T ‘ T
d I 8 -1 4 2 [+] [ppm]
|| v
o A ES O oF ol = 2 32| 3 Stsh 72 =
O % HES 08510 €1 A= peaksS 28 ot Heeh S 20 =Lt HPX|EE EH|WXIE | 111
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Processing i WPST

| Start Acquire  Process Analyse Publish View Manage @

A Proc. Spectrum » "\"%' Adjust Phase » 3 Calib. Axis - ??.i Pick Peaks « _f Integrate » Advanced »
. b
Click ?'? Pick Peaks =

Click —-

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

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

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

+ + > Spectrum
il Lr‘ﬁ_j ¢ _d_._-lJ-l-@,_ XK @.l D Q‘QJ J| P!  ProcPars | AcquPars | Title | PulseProg | Peaks | Integrals | Sample | Structure | Plot] Fid | Acgu)
= T |1-Di3c expeariment with 1H decounling
3 |1 5 /i of with decouplir = :
B DREe e same LN dueal by 30 g Menithy! Anthranilate in DMS0-06
GmgrienthytAnthraritate i EMSO=E £
o E= o =0 o
] @ @ T o @ @ hde 00 onND 0
o o o o = Lo < r~ o v= 00 02 (2 =xr (3 P~
ol R N g o & g 32.%-‘3. a5 R8s
L | w0 n 0o -_— O o ~=dlf = BN O
© | - = e == = [ T PO O AN~
Jib.o oo s 68,0 1 Ll L LN SN L
Define new region:
Dray with left mouse button
Nimber of peaks: 0
- B

T S B S B -—Y——————————— 71—
160 140 120 100 80 60 40 [ppm] 160 140 120 100 80 60 40 [ppm]
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= ULSAN NATIONAL INSTITUTE OF
A s o SCIENCE AND TECHNOLOGY

| Start Acquire  Process Analyse Publish View Manage @

A Proc. Spectrumv "\"Qw Adjust Phase » 3 Calib. Axis i f?ﬁﬁ Pick Peaks = _f Integrate v— Advanced =
Click ¥ Pick Peaks =
Control threshold and choice peak
ex) 0.5 higher than peak picking

>mi 0.5
> pps

+

b st of [ 360 D BLEY J|

Plus one peak.

Modify selection area.

> Select peak about square box
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Processing oies (WIPNST

| Start  Acquire  Process  Analyse  Publish  View Manage @

M Proc. Spectrum » "\"Qw Adjust Phase » 3 Calib. Axis » ?ﬁﬁ Pick Peaks «» _f Integrate » Advanced »

Click | f 1ntegrate~;—_|

FT-dfwhlfst 2EFecan ll ®X2/23X=4T ¢ X aEHJ

Modify selection area
L, Select integration about square box
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Plotting

(M |‘I/5 g
ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

. Start

Acquire

* E-Mail

Process Publish View

/I Copy & Printw | |-/ Plot Layoutw <5 PDF »

Analyse Manage

'Plot Layout =

TOPSPIN Plot Editor - [10_H.xwp] - — - = |
File Edit TOPSPIN Options Window Help _ =[x
= = & & ?
Data | Aftributes | Zoom in | Zoom out Full Fuotate Undo

A

A

1H cyclosporin
¢ Standard

Co><)
BROKER
(>

Current Data Parameters
HAME examld_1H
EXENO 1
DROCNO 1

Fz - Bequisition Parzmeters
Date_ 20070518
18_21
spect

INSTRUM
TROBE: S mm DARBC BE-
a

PULPROG

h SFC

sE £00.1300000 MHz
=

. Lt Lo
s 5 3 2 )
L

Tz - Processing parameters
23768

0.30 Hz

1.00

T
4

HERE o
2 = =
S|s| [« o

.

1 0
-
- =

AR REF S| n Itz
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https://ucrf.unist.ac.kr/en/mnova-installation/

Download previous versions.

If you hold an old Mnova license we really encourage you to update it. However if you need an older installer, here is a full

list of releases:

1202 ~ 11.04 » .

1201 = 1103 «
1200 = 11.02 = 1000 = 9.00 =
1 1 G M\ MestReNova - [Document 1] - a x
W\ Fils Edit View Processing Analysis Advanced Stack Mass Analysis Predict Scripts Decuments  Help - &%
A-DIE-B-SB ™Y B9 e [EtePae ] o8 OB s SR A-bd-i >0
TMOE Gy s e @O-g - 122 - b5 -8 - F--k- R~ FRECRY O
Pages 5 x
. 2z =7
< - [
T « 2 > TCP-Port-.. v
] UNIST Campus Mnol
L [ UNIST Campus NMR
| | L] UNIST Campus NMRPredict Deskt. u
%® - [ UNIST Campus Reaction Monitori... LI
L) B OneDrive
§ -
| e
& pu=A=
=
Pages  Data Browser <

[N light gray » O black ~ Brx - A black ~ Aral

Licenses: (1
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Topspin - free

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

Free TopSpin Processing for Academia

Free TopSpin processing software for academia

TopSpin processing software s free
for academis and governmental insti-
tutions only

In order to provide students, researchers
and teachers with unlimited access to the
best tools for off-line NMR processing,
Bruker is making their market leading NMR
processing software TopSpin available free
of charge for all academic users. In addi-
tion to Bruker NMR data, the software is

e to process data acquired on Agilent,
Varian and Jeol systems, as well as read

any data provided in JCAMP format

Access to the download section

In case you alreagy have an accounton

bruker.com please log in to download the
TopSpin processing package.

By downloading the free TopSpin pro-
cessing software, you confirm that you are
employed by- or studying at an academic-
or governmental institution and thatyou
use the software exclusively in this con-
text.

As a registered academic or governmental
customer, you will have access to software
updates and patches for:

+ Free TopSpin processing software for

Windows, Linux and MAC OS X
«+ Free Dynamics Center for Windows,

Linux and MAC

Disclaimer

The download and use of the free software
for commercial organizations or companies
is prohibited. To download software fora
commercial organization, please fol-

low this link.

HPRIAES B uSKE
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Poor background

. | If/E T
ULSAN NA}IONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

. Lso
19F NMR 29Si NMR
Laso F4s
L 400
Lao
Laso
I35
300
l250 |30
200
Les
L1so
L 100 Lo
Lso
Lis
Lio
|-50
L-100 Ls
L-1s0
Lo
L-200
L 250 L-s
| -300
F-10
! ! ! ! ! ! ! ! | | | | ! ! ! ; ; ; i o T ; T ; ; T ‘, T - " - 3
400 350 300 250 200 150 100 20 ° to “Too 1o 200 250 “Ioo 100 350 300 250 200 150 100 50 , o 50 100 150 200 250 300 350 400
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|- 10000 |- 2000
Leooo
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L s00
Lo
L -2000
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Poor background signal in NMR i WPNST

1) Material

Borosilicate
Background: 11B, 170, 29Si

Sample signal

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

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

<Solution NMR>

1) Cut off signal (Processing) 3) CPMG (Spin echo)
- Suppress magnetic field inhomogeneous (T2)

CPMG

|
WW’\MJWWMMUWVW\NVWVWWWWW\/w,«.,\,‘,. D o~ AD{ o D1 |[DZ I D2 !\)WV\,{\\/\/VV\N"‘N“"
“nh : _,r:l__/} - 2-3ms
D2 =1 ms (0.001 s)
2) Prescan Delay (DE) Teflon decay time <1 ms
/2

D1 IDE
Ch(obs): X

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

For suppress “bad background signal”

1) Probe materials (Solid signal)

2) Ringing
->ShortD1ex.170->D1=0.1-0.2s
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Baseline correction (Processing) oo WPNST

Polynomial Fit =2-3

(or Bernstein Polynomial Fit)

) Baseline Correction along f1 ? X r0.20

b Method Lo.1s

M\ Baseline Correction along 1 7 e , Soines o1 [ Cancel Lo 16

* Extract

Method I 0,14

SD“I’IES - Cancel Fo.10

Whittaker Smoother 10,08

Palynormial Fit ¢ Extract Lo.06
oernsteln Folynomia

Ahlative F0.04

Splines ooz

1 o e
+0.00
~=0.02

T T T T T T T T T T T T T T T T T T T T
3 -4 -50 -60 -70 -80 -90 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240 -250

“ F0.02
M*m“ AN RN NI iy 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 T
30 -4 -50 -60 -FO -80 -80 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190 -200 -210 -220 -230 -240 -250

» 1 (ppm) o
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Baseline correction (Processing) i WJPNST

— e ULSAN NATIONAL INSTITUTE OF

SCIENCE AND TECHNOLOGY

| -

| Mees
| II : Cancel
) Baseline Correction along 71~ 7 X | ||u| ‘ Splines v

 Euxtract

T T T T T T T T T T T T T T T T T T T
-10 -20 -30 -40 -50 -60 -70 -80 -80 -100 -110 -120 -130 -140 -150 -160 -170 -180 -190
§

2 o) 1

e Y, Il W’\Nwwmu%
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r0.24
U * = = = AL AL e ‘
. & B } . d F0.22
2 i ﬁ . tm | :
v‘fh'-v 'v_J._._v vL‘Lvilu‘v - ‘
- = r0.20

% Baseline Correction... E | | & e m o A e

Fick Foint  Automatic  Pick Borders  Clear Foints Freview  Apply

‘J.'J:; FU” .I‘!'l.UtD‘ (5 p‘“n'E'E-J |‘ DA::ree.:elecliun RMS calculation span (points) Lo.16
gorithm

_ M Multipoint Baseline Correction | |

Cubic Splines - rF0.14

| Delete control points by double-clicking tham, r0.12

‘ | Free control points (blank boxes) can be dragged freely.

| ‘ However. RMS-bound control points (hackslashed hoxes follow their [o-10
(locally) computed RMS when dragged,

F0.08

F0.06
F0.04
r0.02
F0.00
r-0.02

F—0.04

F-0.06

r-0.08

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 - 4 =75 —:6 —FT -78 -79 -80 -81 -B2 -B3 -84 -85 -B6 -87 -88 -89 -90 -91 -82
| . r0.08

[

| i l0.06

f m
F0.04

/
[0.02

/ e
‘ W‘w Ay
N-W\'\.MMMWWMWMMMVMW l{ rw Ml wa" "*"‘\WWJ‘-J WY 'JMWLP‘W\W [0.00
k-0.02
0,04
L-0.06

r-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 -66 -67Y -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
ft (ppm) _
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Consist of magnet "'Tf*»}j-_, S ourfsT

Hellum Ports

Hellum towar

Nitrogen ports
Nitrogen tower
Insert Sample here

metal plug

E : ﬂange Vacuum
H ' seal {location -~ Chamber
SPIHHEH - spinner air hole
Lo Bruker probe:
i i "contact
Co area” of spinner
P central bore shaft
B central shim stack | — Magret
bore g = tshim matri:
- ) assembly)

I
|

Insert Probehead
— here

NMR Coil _—»|| |~
Limits g

T —

" Magnet and dewar
| NMR;ﬁauge
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Spinner damage ST WUriST
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5 Gauss line ST WUriST

6.0m A

5.0m +

4.0m 4

3.0m 71

2.0m +

Az

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

5 Gauss line

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

Earth's Magnetic field = 0.5 gauss

2 Gauss
N

\ The Earth's Mdgnet:c Field

5 Gauss

10 Gauss

50 Gauss

.6m 5.6m
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Warning Signs LEre | UPST

ULSAN
SC|ENCE AND TECHNO DG

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.

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

Danger: No entrance for people carrying medical implants.
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0.5 Gauss |

= Average earth
magnetic field

5 Gauss line
= MR safety standard

Metallic
tool

y /\
10 Gauss line M

Watch,

b \ 5 Gauss line : — containe
| earphon ’ ¥ Scissors, r
‘ e ’ _ pen
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Human Body react to Oxygen-Deficiency - = ST

02 Concentration

Symptoms
Matural air

02 Concentration

Symptoms

Stupor, Headache,
Mausea, Cyanosis,
Faintness on the entire
body

02 Concentration

Symptoms

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

02 Concentration

Symptoms

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

02 Concentration

Symptoms

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

02 Concentration
6% or less

Symptoms

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

(W
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Magnet safety = LIFST
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Magnet safety =
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Magnet quench _= LS T

ULSAN NATIONAL INSTITUTE OF

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 ;" UrfeT

Model Re_servat|_on Ll SHC S Cancelable timing Fee
time unit reservation time

Client 10,000/10min

GONOI\Z/IRHZ 10 min. unlimited 1.0 hr Self-user 5,000/10min
Acc. used 3,000/10min

Client 5,000/10min

) 1 hr
=2 iln L0l (2 PM to 8 PM, 1.0 hr Self-user 2,500/10min
NMR
weekdays)

Acc. used 3,300/10min
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: : : ST |
Reservation control information i UPNST

Create Account

www.ucrf.unist.ac.kr UriST UCRF X

LOGIN [ save II Sign Up I Forgot your password m UNIST member Industry member External member

IMST  Central Research Facilities AboutUCRF  EquipmentStatus  DataRoom  Participation Space  Q
ok sk sk ok Kok 9

Password Confirm I

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

StudentID No. /

*

Professor ID No. / 20*39
3. Input [Portal id/pw]_Click [Confirm]. _——
Please check your information. I R
4. Input professor name in [Principal investigation] R = el |

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

www.ucrf.unist.ac.kr

Welcome =45 MyPage | Edit profile m

F Equipment Status Data Room Participation Space Q

Status of analysis request

My Page Status of analysis request
UNIST Central Research Facilites
Request for Self-user . lication esult ¢
Equipment Status Appdatet gnal tsi After pass the test’

Status of analysis request

Request for Self-user 1. Login UCRF website.

Status of settlements H
2. Click [My Page].

4-1 [My Page]
Status of education Materials Characterization Lab 3. Click [Request for Self USGI"]_
application

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

1) Select [Materials Characterization Lab].

Status of access permissions 4-3 e .
application confocal Raman 2) Select [Surface Analysis].

Status of penalty 4_4 3) SeleCt [Confocal Raman].
4) Click [Apply].
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Reservation 2 UIFEST

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

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

IJr“E-r Administration Room Seonhye Son | Site map | Log out Q I KOR | ENG
u

Home Human Resource Financial Procurement Asset Budget Research Equipment Fund Intellectual Property Application for use of lecture Bulletin board Settings Improvement Request

Equipment Reservation

A B
Detailed Navigation N Equipment reservation
Equipment Reservation Search condition
Equipment Reservation List
Equipment Status
R tion date:
eseonvation date:|201501.01 & Resenation O Input result  © Completed Al
1t classication: | and dassication | |*]  eoupmentoame|  |~]
Favorite o
Equipment booking list =
| & Application H | Reservation cancel H . Input result|
Select | Status Sortation Equipment name Chief of research Researvation date | Reservation time Fee | 1st classification 2nd classification name Application date Free_Test | Free_Longterm = Memo
Reservation Admin Confocal Raman za7| 20150817 13:00~16:30 000 UMAL - 7|7| 244 Surface Analysis 20150804 1544
ik
Reservation Admin AFM-Raman ze7 20150817 13:00~16:30 000 UMAL - 7|72 Surface Analysis 20150810 1627
Vs
O Reservation Admin Confocal Raman 2gE7 20150817 09:00~11:30 000 UMAL - 7|7| 244 Surface Analysis 2015.08.04 1844 (m} [m}
[ | Reservation Admin AFM-Raman 2157 20150817 08:00~11:30 000 | UMAL - 7|7 244 Surface Analysis 20150810 1627 [m] O
Reservation Admin FL.IR 27| 20150813 15:00~18:00 000 | UMAL - 77| xa Spectorscopic Analys 20150807 1053
FL.IR 3 P y:
Reservation Admin FI-IR g7 20150813 13:30~1500 000 | UMAL - 77|24 Spectorscopic Analys 20150807 1052
2 P y:
Reservation Admin FLIR ze7 20150813 08:00~12:00 000 UMAL - 7|7| 244 Spectorscopic Analys 20150807 0857
P P y:
Reservation Admin Confocal Raman zE7 20150812 15:30~17:00 000 UMAL - 77|24 Surface Analysis 20150807 1715
Vs
[ | Reservation Admin LR %7 20150812 10:30~11:00 000 UMAL - 7|7 244 Spectorscopic Analys 20150807 1457 [m] O
[ | Reservation Admin Confoczl Raman 257 20150812 08:00~10:30 000 | UMAL - 7|72 44 Surface Analysis 20150806 13:21 [m] O
Reservation Admin FL.IR 257 20150811 14:30~18:00 000 | UMAL - 77| xa Spectorscopic Analys 20150807 0857
3 P y:
Reservation Admin Confocal Raman za7| 20150811 13:30~1430 000 UMAL - 7|7| 244 Surface Analysis 20150805 1142
ik
Reservation Admin Confocal Raman ze7 20150811 08:00~10:00 000 UMAL - 7|7| 244 Surface Analysis 20150810 1304
ik
Reservation Admin FT-IR g7 20150811 08:00~12:00 000 UMAL - 7|7 244 Spectorscopic Analys 20150807 10556
P pi y:
[ | Reservation Admin IR 2157 20150729 08:30~10:30 000 | UMAL - 7|7 244 Spectorscopic Analys 20150728 1326 [m] O
[ | Reservation Admin FL.IR 257 20150717 16:00~17:00 000 | UMAL - 77| 244 Spectorscopic Analys 20150717 18:00 (] O
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Reservation oz WJriST

ULSAN NATIONAL INSTITUTE OF

SCIENCE AND TECHNOLOGY

[ Equipment reservation help

Search conditic ) =
Inquiry

| @ Resenvation (" Input result ) Completed O All

l 1st classification ‘ | 'l 2nd classification v Equipment name: - I

Researvation date: 20150101 2015.08.04

Equipment bookina list =
. .
el Application
Select | Status PR e Chief of research Researvation date | Reservation time Fee | 1st classification 2nd classification name Application date Free_Test | Free_Longterm | Memo
[] | Reservation Self AFM-Rzman 27| 20150724 14:00~15:00 000  UMAL - 7|7|5ta & Surface Analysis 20150717 11:08 | O |;|
[] | Reservaticn Self Confocal Raman 7| 2015.07.24 14:00~15:00 000 | UMAL - 7|7 24 Surface Analysis 2015.07.17 11:07 ] O |;|
O Reservation celf FT-IR HET| 2015.07.23 13:30~17:00 000 | UMAL - 7| 7| 244 Spectorscopic Analys 2015.07.17 11:05 O O |£|
O Reservation Self Confocal Raman nE7| 2015.07.22 13:00~14:00 000 | UMAL - ?|7| 24 surface Analysis 2015.07.20 11:20 O O |£|
[] | Reservation Self Flucrometer 2157 20150720 14:00~14:30 000 | UMAL - 7|7| 24 Spectorscopic Analys 20150717 11:03 O O I;I
[] | Reservation Self Fluorometer 27| 2015.07.20 13:30~14:00 000 UMAL - 7|7| 24 & Spectorscopic Analys 20150716 1655 | O |;|
[] | Reservaticn Self FI-IR 7| 2015.07.17 16:00~17:00 000 | UMAL - 7|7 24 Spectorscopic Analys 2015.07.17 18:00 ] O |;|
— =
3 =] Application || 3 Close || & T7|<->2x17] 4

Select equipment

N 1. Select the classification and equipment

15t classification: | UMAL - 717|258 [*]  20d dlassification: | Surface Analysis [*]  std classifcation: | Cenfocal Raman [~]

project informaion

e[S B . st et . 2. Select the time you want on white box.
Yellow box : my reservation

&if | | Reservation time unit daily maximum reservation time Reservation open timing Cancelable timing Fee

s Red box : others reservation

i SOIARZ0L Laser power onjoff
2 " S2JAIEI02 Keep clean lens to aveid contamination

Time/date 07/20(M) 077211 07/220M) 07/23(M) 07/24(F) 07/25(S) 07/26(S) 07/27(M) 07/28T) 07/23(W) 07/30T) 07/31F) 08/01(S) 08/02(S) 08y - - -
I oovo-0os0 = = o o =] =] =] =] =] =] =] a 3 CI k [Appl ]
b et 5] 5] 5] ] a] u] u] a] u] u] a] [} - IC Ica’tlon -
o - 5] 5] 5] 5] 5] 5] 5] 5] 5] 5] 5] [m} [m}

1030-1100 o o o o 5] 5] 5] 5] 5] 5] 5] o o

11:00-1130 5] 5] 5] o 5] o o 5] o o 5] = =

1130-1200 5] 5] 5] ] a] a] a] a] a] a] a] [m} [m}

1200-1230 5] 5] 5] u] 5] o o 5] o o 5] [m} [m}

12301300 5] 5] 5] 5] u] 5] o o 5] o o 5] [m} [m}

13:00-1330 o o o 5] o o 5] o o 5] o o H

o o o 5] 5] 5] 5] 5] 5] 5] o o
5] o 5] o 5] o o 5] o o 5] = =

16301500 =] =] u] a] u] u] a] u] u] a] [m} [m}

15:00-1530 5] 5] 5] u] 5] o o 5] o o 5] [m} [m}

15:30-16:00 5] 5] 5] 5] 5] 5] 5] 5] 5] 5] [m} [m}

16:00-1630 o o o 5] 5] 5] 5] 5] 5] 5] o o

1630-1700 5] 5] o 5] o o 5] o o 5] = = M
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Reservation cancel e WUMiST

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Search condition

_, Inquiry

Reseanvation date: 20150101 || . |20150804 |y

.

(¢ Reservation (7 Input result O Completed Al

15t classification: | UMAL - 7171258 Y| and classification: | urece Analyss *|  Equipment name:|Confocal Raman v

P Reservation cancel

o Application{ | - Reservation cancel || 7 Input result

Select | Status Sortation Equipment name Chief of research Researvation date | Reservation time Fee | Lst classification 2nd classification name
|| Resenvation Self Confocal Raman 297 20150724 14:00~1500 000 UMAL - 7|7| 244 Surface Analysis
[] | Reservation gelf Confocal Raman &7 0150722 13:00~14.00 000 | UMAL - 77| 244 Surface Analysis

1. Select the reservation.

2. Click the [Reservation cancel].
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Input result TEe s urfET

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

-

Search condition =

) Inquiry
Researvation date: T
|2(115.0J.01 |‘"|2915"3"1"'0“‘l || (® Reservation O Input result O Completed O All

1st classification: M J7IEng |" 2nd(|a;siﬂ(ati0r|: Equipment name:
Equipment booking i I n p Ut reS U |t =

o Application || [ Reservation candl || |7 Input result‘

SEEY] Status Sortation Equipment name Chief of research Researvation date | Reservation time Fee | 1st classification 2nd classification name Application date Free Test | Free Longterm | Memo
Reservation Self Confocal Raman x| 20150724 14:00~15:00 000 | UMAL - 7)17|1 244 Surface Analysis 20150717 1107 O O |;|
[ Reservation celf Confocal Raman 4z 20150722 13:00~1400 000 | UMAL - 7)17|1 244 Surface Analysis 20150720 1120 O O |£|

1. Select the reservation.

2. Click the [Input result].

bme 2 =5 =] E3
| Save [ 7 Close
3. Check the information and click [Save]. ..
| Reservation information =2
7
i Resenvation number: "
Reseanvation date: |2015) ZUELILE Reservation date: AT Client authoritization: self B shsanis@unistacks &ud
st Gwa | Apelication date: 20150717 Resenvation time:  1400~15:00 Rate 50 Equipment name Cenfocal Raman
Equipment booking || Project informaion =
. Chief of research Chief of research Detail project number detailed item Executable amount
L
20032 Y7 - - L] 0 []
Select  Status
Resenvation Fee =
[]  Reservation
Cost Unit quantity | Unit unit amount discount applying | Option applying | Amount | Fee Rate | Amount
Jez¥=E 05 H 12500 10 25000 50 12,500
=24 25,000 12,500
Process condition =2
‘equipment status (prablem and repair)

HPXIAERBHRSAE | 142



i

INSTITUTE OF

\

4

\ w oA A ™ o« o ®m ™ oW 1w «H ® M W W
BT
]
iy
3
oju
K0
_||_
oK
20
<
o
o
ko XU
) Lo
o
S o
c o %
) FE
T s
fo 1
= o
oF i ol
Q by -
Bl 2 lo
[ A o o
u R’ MR -
q w_ﬁ < = ®
— — o — e _A_l
of 1 i
=3 sy . ol
e Rr Wﬂ oo c to S 4 K
K < E3 0 oF T oo i
% o =) = ! R0 o b T
f =< =< KO ol E] ol -—
= - — ol T — g 0y
(o] - > 5 o Kt &9 sl »
KO KO a3 1l I+ — Kool o o
= &.% = of o N = 5 oy =
T [ o It o= >
E_E - XF K on = ._o_l 2
S B By 7 5 g 6
~ o088 of < il - S ol
e o = = © KIF co T 1o
Iy Nop o3 = 0K TR
(L) 5 < o K Y ook KR T
% R =2 oF ou =
= < q = S £ W = oo
; 4 o w 5 58 =32
& s R0 g < i x o B g K
=3 o oo S D ot = N ™~ 5 N
23 go P oy = ~ H58 W o oz
H < < N o T = 2 P
- A s g KON
L= ~ i CLEETR L LI ¥ I g i
B = Lo N0 K0 KO =y w9 = OF XK O
> I I F o K WZ0RL of
() =) S 5 & Mo o R .
o = ey (o] . —
g do T & 5 = oo NI oo O R
el < X K =0 - B 1o ol T = — = KO "1 o
RO o < W o5 0 g Koo
= mezzll=¢ 8@ - >3 0raaagl
T _AL K K0 o N oo K T K =) g < IR
T H o < ¥ £ 8 = H N KO Jp w_ 14
= ra o K o a ow o P ow W R
Q. N "k VEo & o4O ooe oz Do ow
- S B < ° X . @ & il E ol
ﬂ o oL ~ = ~
) N T = o T al
- IS W F F W m o % o o
[ KO I <y < = ]
i —
1] KO .
[« 8 .

| 143

N

o
-3

Ll

HERIAEE B



ULSAN NATIONAL INSTITUTE OF
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Penalty points for users of equipment : IrfsT

« Penalty points criteria

Behaviors subject to penalty points Pep’;gﬂy

[Eligibility to use equipment]

Unauthorized use of equipment without permission B
Use of equipment without a reservation 3
Someone other than the equipment lessee used the equipment 3

[Reservations for using equipment]
nReserved and used equipment outside of permitted hours i
5 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) 1
Use of any equipment without giving a prior notice to the equipment manager, after making a reservation 1
[Careless behaviors]
nUsing functions on the equipment that are not permitted 3
10 Failure to promptly notify the manager of any errors or failures detected during use 3
Negligence that resulted in damages or failure to the equipment 5
12 Negligence that resulted in loss or damage to an equipment component or part 5
13 Failure to record in the equipment usage log after using any equipment, or misrepresentation or partial representation of the facts 1
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 fisk of fire 5
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 S arfsT

« Follow-up Actions after Imposing Penalty Points

I T TR
[ ZH|AMEX} 7HQl ]

YH| YA ALEAL B X En0fA O|H Y2 SE(BEE 8 O Al §
2 5 points H| AHEO| 37087t SRS SX)ot sig AFEAtel 2/ WHE 71720

A Al

RhH| SHEERE ALRRL O K|S @S0 A ALRRLS| SHt FH| A 271
> 8 points SRE0 ARG S AFRO| JH5eS 0 YR ERSD K EatolH 2L
25, BE AFRAIS] WA LSS 7[7|H0f HA

AHEXF &5 HF4)

2 12 ooint | SHEEXE7E K| 2 9F 8 S AR XHO| ) 2 157 O A A| 8l S G AlQ|
= le points ST & H| AMRO| 377 2XHe o|H Yz £

YH BEAZE A =n 0l A o Y Al S YH| AHE0| 37WEt SXES
2 15 points Ol €= SE, XN =u0A S 2E, ol AHEAS EH LS 7|7 20

A Al

2 20 00 X YR EO M X|EmAQf AL SO M 25T 0| ALY Al 8T G AO|
=20 points Ol X 25 MK AH| ALRO| 177t 2XES o|HUYZ EH

ORI 2E RO X D40 A2 S0 A 8
> 25 points A ALgO| 147t 3XFS O UZ £, X
7 LSS K| =2 A A B AIA|
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Penalty points for users of equipment : IrfsT

« Follow-up Actions after Imposing Penalty Points

|_Classification | Penaltypts. | Follwupactons |
(Individual users of equipment)

Equipn entm anage wll natifyuse (9 andther s pa vising p dessa by en al o thar pend ty
pa nts tatd , and shdl post the detal s of ther pend ty pa nts onthe hull &in boa d o the eqip

2 5 points m ertr oon . e s wth pend ty pa nts 8 pd nts @ hHgha m ay not usether ¢ evant equipn ent f
or 3 months.
S up pend ty pd
ts im posed to ind v
pEELE Equipn entm anage Wl natifyuse (9 andther s pe vising p dfessa by en al that theu se (3
B s m ay notu sether ¢ evant equipn ent fo 3m onthsu rtil they con p eether e wientation cair s

e Wl dsofo wa dan offidd noticetotheir 1 pe vising p ofessa; and wil post detal s o ther
penalty points on the bulletin board of the equipment room.

(User's laboratory)

Equipn entm anage Wl natify theu se(9 and their a1 pavising pr dessa by en dl thatu se (3
> 12 points wth pend ty pa nts 15 pa nts @ highe m ay notu sether & evant equ i pn ent inthel abo ato yf
or 3 months.

Equipn entm anage wll en dl the u pe vsing p dfessa toinfam that theu se(9 m ay notu se
ther ¢ evant equipn ent inthel abo ato yfa 3m onths wvill dsofo wa dan offidd naticetoth

S .

2 15 points dr 4 pa vising p dfessa; and wl | post the detal s o ther pend ty pad nts onthe tull in boa d
of the equipment room.

> 20 points UCRF will nctify stu dents and their a1 pe vising p dfessa by en dl that theu se(9 wth 25 pena

Ity points or higher may not use any UCRF equipment in the laboratory for 1 month.

S up pend ty pd

UCRF wll natify stu dents and their a1 pe vising p dessa by en dl thatu se(9 m ay notu se any
> 25 points UCRF equipn ent inthel aba atoy fo 1m onth vill dsofa war doffidd noticetothdr u pe Js
ing professor; and will post details of their penalty points on the bulletin board of UCRF.
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NMR Specifications

LUrfsT

"ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

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

Location 102-B119
Measurement
Type Self / Request
Model VNMRS 600 (Varian)
Magnet 141 T
Channel 3 channel

* 5 mm PFG Auto X DB probe

* 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 &
. 0]
matching
Power 100 W /300 W / 300 W

= Chl:'H, F
Channel = Ch2 :170MHz(3'P) ~ 150 MHz (13C)
= Ch3 : 150MHz('3C) ~ 60 MHz (*>N)

Temperature -80~90°C

102-B119 102-B119
Self / Request Self / Request
AVANCE NEO (Bruker) AVANCE Il HD (Bruker)
94T 94T
2 channel 2 channel

* Prodigy probe

* 5 mm i-probe B prelsE
() 0]
() 0]
100 W / 500 W 100 W / 500 W
» Chl: H, °F » Chl: ™, °F

= Ch2: 170MHz(3'P) ~ 150 MHz (13C) = & 2 160MHz(3Q ~ 49 MHz (™)

-40~150°C

150~ 150 °C - 150(20) ~ 150 °C

HAX|RES HH|WSXIE | 148



NMR probe

5mm PFG Auto X DB 5mm PFG Auto Triple

102-B119
Q|2| / XA 7ts
Solution NMR

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

-80 ~ 130 °C
X Broad-Band experiment
20 Hz

5 mm sample tube

500 ul O] &

y
s

102-B119 102-B119
Q|Z| / XIEALE 7t o|Z|7ts
Solution NMR Solid-state NMR
1H / BC / BN 1H-19F / 15N-31P
-20 ~ 80 °C RT.

Triple resonance experiment One-pulse, CP-MAS

20 Hz 5-12 kHz
5 mm sample tube 5 mm rotor
500 pl O] 4 Fine powder 1 g 0| &

urisT

_ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

5 mm Double MAS [Solid] 1.6 mm Triple MAS [Solid]

102-B119
o|2|7ts
Solid-state NMR
1H-19F / 15N-31p / 15N-31P
-50 ~ 50 °C
One-pulse, CP-MAS

8-40 kHz

1.6 mm rotor

Fine powder 20 mg 0| &
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NMR probe

4mm Nano-probe XR-401

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] &

y
s

102-B119

98|75
Temperature control unit
1H / 13c / 15N
-40(-60) ~ 100 °C
Temperature control

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

102-B119

o|2| / X2 ME7tS
Solution NMR (Agilent 400)
1H-19F / 15N-31P
-80 ~ 130 °C
X Broad-Band experiment
20 Hz

5 mm sample tube

500 pl O] &

102-B119
o|2| / XHEME7tS
Solution NMR (Bruker 400)
1H-19F / 15N-31P
0~50°C
X Broad-Band experiment
20 Hz

5 mm sample tube

500 pl O] &
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NMR sample preparation iy WJPNST

4 mm sampling tube

Standard Sample Holder Temperature limit

Varian

Bruker

Typical Turbine Typical Turbine Replaceable Internal O-Ring
(Replace With Exclusive
Norell® HPT5V)
Replaceable O-Rings Important Contact Point
(Replace With Exclusive Requiring Regular Cleaning
Norell® HPT5B)
Important Contact Points
Requiring Regular Cleaning
Exclusive NORELL®

5X3INS-V Optimizer Insert™

Exclusive NORELL®
5X3INS-B Optimizer Insert™

NoReLLe MR Ceramic  STV-5 Ceramic
N (@) armble 40-60°C 0-80°C 150~180°C

APR|E L SR | 151
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e

Emergency En s JPisT

- -~ )

i Hs X} skt
(Laboratory No.) B119<=2 )
e )\

A4S x| SEE=E7|H
(Laboratory Name) NMR Laboratory )
Al ) :
A Sun-Phil Han L4 (Extension) (4174)

OFF ChE R
(Safety Manager)

% Please do not hesitate to contact “Safety Manager”, if you have any

queries or urgent business.
(2o Abg = 3 8271 U Al A4 OHMEEXIOIA A2t )

29| Fo =ty

© 1 St H
SIAE wMA

Emergency Call
-n- S, FE, 71 - FPRIekE

External Main Telephone

28 M Fire Station 119 ~ =
E o JAlSHHEAH -
ZAE M Police Station 112 ESSa¢8EYA 052) 217
T2H48EH  052)220- Fire, Explosion, Gas and 0119
Hospital 7500

Chemical Leak etc.

ey mm
X2 HH | n|XtE
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16. Case Study

-
- e = L
¢ L ]
s ~
' e 87,
T e | [ ’:',
3 3 s s s
% L v -
S ) ) s @
s . B
[ -
% .

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY




Li salt & Electrolyte

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

2|goleHA| 2l5Y 37 U 54
= [N 5=3 2z O|2FEE(mS/cm)
(Mw) () (0) In PC In EC/DMC

LiPF, 151.9 200 80 58 10.7
LiBF, 93.9 293 100 3.4 49
LIASF, 195.9 340 100 5.7 1.1
Liclo, 106.4 236 100 5.6 8.4
LiCF,S0, 155.9 300 100 1.7

TE: HAREET

SHXl Z=22 gl E
II_—IOHE 0T X ?)?j

o MO L
i Y FE W
87| MY o2y E20 FOH 27| HOH

24 SIS0 + 2l5Y  oley oy v aAgd T . ;;'%u" %E'm(:fﬂ;ﬁé; A=) ;ji:;j:
(0] R L] = ~107%(S/cm) ~107(S/cm) ~107(S/cm) ~107%(S/cm) ~107%(S/cm)
Hesgy | z2e 0202020 == |l == um £
oeewy | ux 00 ox=zg || 2 || oxss  oxss
0“ | LIPF{,ln EC JoEC | P "E_;;FSI"""L'i_l_ﬂ"F';_:'Eﬁ_d"F':ﬁEﬁ_Im"fi_T“Eé{fI PEGDME + Li,,,Al.Ge, (PO,),Li,5—

EC/DEC BPA P,S,

Xta: shaefsioing
Solution NMR HR-MAS NMR Solid-state NMR

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

2D NMR: MQ-MAS



2nl+1 rule

P(Phosphorus): 1=1/2 2 n[-l- 1 ru Ie

F(Fluorine): I=1/2
N = Number of neighbor nuclear
_ - I = Nuclear spin quantum number

Fi b F Upei 2% 6 1/2+1 =7 (Septet)
. 11, \
Li* F,IID;F 1rp:2* 1% 1/2 + 1 = 2 (Doublet)
_ F i Coupling constant
1Jor = 1Jrp = 706 Hz
3t : 1oF

<> 706 Hz
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Application RS urfET

- s ULSAN NA’TlrﬂrNiAL INSTITUTE OF
R o SCIENCE AND TECHNOLOGY

X=H, CH,
1 ox ox ox osi
29Si | | | | 13C
XO0—Si—0X Si0—Si—0X Si0—Si—O0Si Si0—Si—O0si
R R R R
TO ™ T2 ™
i Q°
O
Q! Q'(<SiOSi=180°)

BG o W

AR

Q3
L]
®:Si
®:0 Q*
CaEEE———
fullerene nanotube graphene
r T T T T T T T |
-50 -60 =70 -80 -90 -100 -110 =120 -130
ppm (TMS) ,
Fig. 2. Classification of silicate minerals according to the degree of poly- 3\;‘ lolg:[l)(nf e /I !
merization of SiO, and their chemical shifts in 2°Si NMR (adapted from Magi J“.
et al. [31]).
Aromatic C-C | | Aliphatic CHs
&0 121.55 ppm | \ 13.35 ppm

VUT Bruker DPX300 Spectrometer

230 ppm [\ Z
29S1 NMR Spectrum 5mm BBIZ / \
Sodium silica l W
Dilution study Qs : V4 \\ /' \\
: 2 HDA-GS
A At SNt e AN LN e e\ pP NN RGO
f «— €O
Aromatic C-C ;\ 70.92 ppm
132.26 ppm I\
| \qs Epoxide
yf \ 62.72 ppm
A /
[\ / \
pisran Rttt Nedd et (GO
~ Graphite
L L L L L L L
250 200 150 100 50 0
PPM

(baseline sample)
1.7

Si/M molar ration Figure 3. ?C-NMR spectra of the fillers based on graphite.

T T T T
5o -80 R -30 -%0 -100 -110 120 -130 pom -40 -&0 -AO0 -100 -120

chemical shift (ppm) 5i & (ppm)
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Plant cell

ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Application (Lignin) :l{ T-_ i

Solid-state NMR

emicellulose (25-35 wt%)

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0] -10
f1 (ppm)

HPRIAES B uSKE

) “ 2 iy e
Microfibril ‘ f uﬁi {)1 W

ng?ocelluloslc blomass COHU'?B- e M/) ( 1 H ’ 1 3 C / D P’ C P _ M AS)
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Application | }~5  i.f LIrFiE

G-quadruplex 7} Liion2] O| S =& S A|Z

C 5
—Lica s
—— Monomer %
G-quadruplex?| O|2xd dd &M
3
. i
ScienceAdvances ~ Manuscript
Ak Template .
T — 2018 16 14 12 10 8 6 4 2 0 8 6 4 2 0 -2 4 6 3 o —%: e (L_’
s Chemical shift (ppm) Chemical shift (ppm) - '
SCHES) S A shows a 7 stacking distance of ~3.4 A. MAS (C) 1H and (D) 'Li NMR spectra
Authors of the LiGQ. A characteristic '"H NMR peak at 12 ppm exhibits the Hoogsteen
Seok-Kyu Cho.'+ Kyung Min Leet So-Huei Kang *f Kihun Jeong. Sun-Phil Han,* J hydrogen bond of G-quartet assembly. The deshielded singlet 'Li NMR peak at
E‘f,kcﬁsiﬁznézﬁgie;f oo Siin I Hymg Ry, Coiptuk YongSang Kyu —0.044 ppm reveals the isolation of Li” from its counter anion. (E) Contour plot of
Li" number density of the LiGQ under an electric field. Red bar indicates the 2D
number density of Li* projected to the yz-plane.
<LiGQ> E
& Sample / Intensity o
< Monomer > < G-quartet > 0h/1.00 ks
. . 120 h/0.77 "
HON@o@c@sQOwO w I gy T 240 h/0.68 ) 11
M\,\, | o 360 h/0.61 |\
el : e ’
e ;—p’*’ e
//_ \\,13 [ omE ) ey X
=y e = z | e
G-quadruplex =1 & lamellar N\\s‘(l? : M-.
forming moiety stacking moiety ! v ¥ ¥ ' ¥ ' ¥ ' ' !
(l)—‘v 5 4 3 2 1 0 4 2 3 4 5

Chemical shift (ppm)
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Application | ;'- -;_  urisT

O|2H = H#HLF =}l

=1 SICSE \4—{
A
EIRES 1 =1
-Tl—x'“ H OH = :lyl'x'“ == C3 ‘4 ;
el e |
Electrolyte paste Printing & UV curing Neutral polymer  Inactive particle c2 : :
(ETPTA (AL,O;) ‘l ]
Doctorblade . c3 SICSE - : : e
Electrolyte / g::e g..e c1 ! !
2 2 | : &
y ) ’ ) g
oy e LiFsI ¥
$ i o
S et

3 2 1 N, G . S

Inorganic dielectric material

e g ’Li Chemical Shift (ppm)
N
2N 1 Figure S9. Conceptual illustration depicting the ion transport phenomena of the control samples 7
rj\s 12{ ,{"‘ 1 (C1, C2, and C3) and SICSE, along with their chemical structure and anion trapping sites. d) LI N M R S PECtra OF th € S ICS E'
) w .
U/ control samples (C1, C2, and C3), and LiFSI

Lewis acid-base
B interaction ‘f

Bt grmet £ 5+
+O o NO\“,F o F\“,OHSIPO_)_.(@’S-. HO.

+

lon-ion

WO OH  GHOTTOH L F T e o | [ e |
-(-o-s]‘l-o-s:n‘o-gn—o»s'u-o-,s'no-)— -{-o-sll-o-! - g
presdielic e, 3 ] ] n =
AL AL AL A | HO Al A A > @
T ORI 2 \ ! 0 Shr:alll | ® SICSE
olecules
T1=365 mS
J Li* ion e Anion e Ti-SiO,@Al,04 Coordinated electrolyte ™ _/\ Cationic copolymer 1 |- TT| .1. ° ]
10" - ’ ® ®
T, »
v 102 | Large molecules -2 .ﬁ T1 =1138 mS
ADVANCED MATERIALS ol i
107
104 : o
vy ' ]
Research Article | & Full Access w00 b tive= 1002t t00mHz Solds ‘
Single-lon Conducting Soft Electrolytes for Semi-Solid Lithium i B S T Ry S

10 10" 10 10® 0% 107 0% 10° 10°

T (correlation time) 0 5 10 15 20 25 30 35
Increasing viscosity or molecular size ——= Tim e (S)

Metal Batteries Enabling Cell Fabrication and Operation under
Ambient Conditions

Kyeong-Seok Oh, Jung-Hui Kim, Se-Hee Kim, Dongrak Oh, Sun-Phil Han, Kwangeun Jung, Zhuyi Wang, Liyi g) |I"IVEI’SIOI"I—I'ECOV€I’}’ plOtS obtamed
Shi, Yongxiang Su, Taeeun Yim &4, Shuai Yuan B, Sang-Young Lee B4 from f|_| MAS NMR spectra.

First published: 08 August 2021 | https://doi.org/10.1002/aenm.202101813 | Citations: 3 E?_xl_?_l__] E =] émlﬂ%xl'ﬂ ‘ 160



Real-time analysis

Himii—y
ULSAN NATIUN’AL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Parameter Walue
1 Title T Kqu“ o n-
2 Origin Varan '
3 Spectrometer LR
4 Solvent el FASE
5 Tempersture TE-E

E Pulse Sequence

7 Experiment

g Probe

3 Number of Scan

10Receiver Gain <l

11 Relaxstion Dl

12Pulse Width 5
L,

13 &cquisition TigE

14 Acquisition DEE

15 Spectrometa

16 Spectral Yt

17 Lowest Freeeensy

18MNucleus

19 &cquired-Size

20 Spectra~Etrg

170 160 150 140 130 120

110
f1 (ppm)

T T T T T

100 g0

T
50

sfrq : 150.85

sw :8389.3

solvent : DMSO

temp. : 343 K

pw : 20 (45 °)

di:5

aq: 1.953

ns : 48 (24h array exp.)

GTR|UEE HHTSAIZ | 161



ULSAN NATIONAL INSTITUTE OF

Diffusion Ordered SpectroscopY TEe s urfET

kT
6xnr,

D

I/IO _ e(_Dg2§202g2Ar)

Unravelling mixture

SCIENCE AND TECHNOLOGY

g T

- PFG NMR & DOSY

>

rell [11] 10 i
Gz [}U A me'-!_ :

Shea U "’

g

CRolyTrer

C.

“H*‘
" g ¥
P fo ¥
k fa i
e II'\.\
A R
Linear Polymer Cyclic Polymer Linear Threaded Polymer
(Polyrotaxane)
L
Graft Polymer Star-Shaped Polymer Ring-Threaded Polymer
(Polycatenane)
LA |
Triphenylphosphine
DISCHARGE CHARGE
ELECTROLYTE ELECTROLYTE
I | SEPARATOR. [ T awone) SEPARATOR. [T awooer) _
COPPER CURRENT COPPER CURRENT
CATHODE (s | CATHODE (4)
2- h romobutane | ALumNUM wn:awr S ALUMINIUM CURRENT DOLLEGTOR
COLLECTOR COLLECTOR
a?f
Qi BT
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Solid-state NMR (Perovskite) TH urfeT

*C CP MAS 100K
FA MA

Metal halide perovskite
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b) FAPbDI, (yellow) “
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13C Solid-state NMR (CP-MAS) i urfeT

201608 258—vene-CRMAS-C13_3h
201604 258-wene—CPMAS-C13 120
spin © 25k
ref | HWB
chemical shift: 17.3 ppm L110
Pararm eter Walue 100
1 Title 201604255ty rene-CPMAS-
C133h
2 Orgin Warian Lan
3 Spectrometer alnles
4 Sclvent cdcl3
5 Temperature .0 | =30
6 Pulse Sequence tancpx
7 Experimert 10
8 Probe 1.EMM_PMAS 70
39 Mumber of Scans x12
10 Receiver Gain 1] &0
11 Relaxation Delay B 0000
12 Pulse Wdth 9000
13 Acquisition Time Qs | LE0
14 Acguisition Date ANE-04-28TI1I0 238
15 Spectrom eter 16083
Frequency L40
16 Spectral Width 100000
17 Lowest Freqguency =43777 4
18 Nuclaus 13C =30
19 Acguired Size 1856
20 Spectral Size 0% I
‘ ‘ FZ0
|
v / A -
N
I by ’b LTAR
w5
=10
F0 300 250 200 150 100 50 0 50 ~100 ~150 -200 ~250
f1 tppm)
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13C Solid-state NMR (Coal)

urisT
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(=] & TR '
NMREOI-gr?_"P I

NMR data
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27A1 Solid-state NMR (Zeolite)

201604204 160422_H form _43C _750C _20h_AIZ7
0164294 160422 _H_form 43C _750C _Z0h_RIZT

ref © 1.1 AINO3)3

chemiczal shift : O ppm

| If/E T
ULSAN NATIONAL INSTITUTE OF
SCIENCE AND TECHNOLOGY

Pararm eter Walue
|1 Title 2016429
#160422_H_form 49C _A0C _20h_A127
2 Origin Warian
| 3 Spectrometer  vomrs
4 Solvent cdcl3
|5 Temperature 250
6 Pulse onepul
| Sequence -0
7 Ewxperiment 1D
|8 Probe 1.E_hAk _FiA&aS 60
3 Number of 416 |
Scans l
| 10Feceiver Gain 30 || F50
11 Relaxation 3.0000 |
Delay | | A0
12 Pulse Wdth 9,000 d | |I
|13$;:_;1;|5m0n 0.0093 [ '| A i 30
14 Acquisition  2016-D4-29T17:14: 5 / N [
Date W v \ 20
15 Spectrometer 15630 | \
| Freguency [ l"", F10
16 Spectral Wicth 1000000 . | )
" f I N I
UJIJ? { ]4921§ b y N W IJ‘ ] I'\-'l"l'v'w | v L-"“” A
Ml '(‘\,ql'lf V*w‘r"i \-Mfk"*hlhﬁ 'I\J'l||,,1‘*[L HWH\J’W;"'" I'iﬂJA.l\’llﬂ"r W ,A\H WWP.,AQ‘;’W\-IH;‘”"I.L"(‘ P rf'u mﬁ“ﬁmw‘ﬂh}iﬂ Wiy Mﬁv\,-"ﬂ'\'ln_.q'h[m 0
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| 19 &cguired Size 992 F=10
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Application of solid state NMR

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/ s
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The basics of NMR
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