Pulse calibration
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Principle of reciprocity

- The sensitivity of a magnetic resonance assembly,

|used as a receiver, to nuclides present at a point X is

| proportional to that assembly's efficiency, when used

as a transmitter, to generate at that same location X
a radiofrequency field B1.
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Figure 1. llustration of the NMR Antenna Reciprocity Law. tn Sam €
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Bruker nomenclature C g
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* Pulse lengths: pX i1 s 85_ A == [OC(B
+ Pulse power: pIX i1 5 7/ ('7 Ox more f’OW
» ATTENUATION NOT POWER! B VUntian 15 ofler—

* Shape power: spX in it

* Delays: dX i ¢
¢ Channels (usually): f1=H, f2=C, f3=N

Wc‘icj FOtAan

* Offsets: oX 7, oX
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Bruker nomenclature — common pulses

« ' hard 90° - p1 @pl1 //a}g& 742”}%{[)6 /en {'ZO

'H hard 180° - p2 @ pl1 < and. povers cfa /10%
* Water selective "H 90° - shaped pulse @ spf nee‘( ép A@
Yo same
* “C 90° - p3 @ pl2 (on channel {2
P3 @ pi2 ( ) & nc[ woual.
* N 90°-p21 @ pI3 (on channel 3) g )
o noC .
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* Applied on-resonance at offset o1
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Hard proton 90° calibration

* Maximum pulse power

* 0.1 ps pulse length — small flip angle
for phase correction

NMR Signal
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Hard proton 90° calibration:
effect of radiation damping
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Offset calibration

* 1D with presaturation -
water suppression based on
irradiation of H20 resonance

pl (at offset 01) before

acquisition

di
I [“presat | N * H20 must be exactly on-
pl9 resonance for good

suppression
) t 9410(1‘ ¢ Adjust 01 to minimise H20
! M ‘ signal (use ‘gs' mode)
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Soft pulses: selective excitation

90" pulses Excitation profiles  + Excitation profile = FT of pulse

10 4 shape:

» Square pulse = sinc profile

_::'72 . Short (hard) pulse = broad
excitation profile
“100 itz
Hard 90° pulse = 1ty * Long (soft) pulse = narrow

0.25 cycle = 25,000 Hz X 0.00001 s

10
—— 2512
Soft 90" pulse

025 cycle =25 Hz X 0.01 s —t b
100 Hz
= Uit

(selective) excitation profile

Soft pulses: selective excitation

90’ pulses Excitation profiles
* Apply hard pulses at
maximum power:
“"1 » Calibrate pulse length
= 18./ 2z Pulse length is very
100 kHz important for soft pulses
Hard 90° pulse =ty (= frequency selectivity):

0.25 cycle = 28,000 12X 0.00001 s
+ Calibrate pulse power

10 ms ——— 25 My * Specify pulse length

Soft 90° pulse as time or frequency
0.25 eycle = 25 Hz x 0.01 s — -
100 Hz
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Changing pulse powers and pulse lengths

Keep pulse area constant:
e.g. double the length, half the amplitude

. Ohms (a
Power = (amplitude)? — ?:AI 2R

Attenuation in decibels = —10 log1o (P / Po) \
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Changing pulse powers and pulse lengths

Example: hard 90°: 9.8 uys @ 3 dB
power for 1.2 ms pulse?
Relative amplitude = 9.8 / 1200 = 0.008167
AdB = -20 log10 0.008167 = 41.76 dB
Required power = 3 + 41.76 = 44.76 dB




Direct calibration of soft 90° pulses
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pulsecal — automatic p1 calibration

Fast Measurement of 90° Puises by Nutation
Continuous lrradiation
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Nutation frequency = % Av Al Fak)
90" pulse = 1/(2Av)

pulsecal — automatic p1 calibration
Can't phserve

Puised irradiation —

s

|,~‘,*.A,'\.“v‘.ﬁ,ﬂ‘ﬁ . L
¢y 14 1 'A". - i 1 -

TRYEYRYRYE 3 >
A A A U A l

A{U

Nutation frequency = (Y2 Av) / d
90° pulse = d / (2Av)
d= dul\ cycle for irradiation
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pulsecal — automatic p1 calibration

Fast Measurement of 'H 90° Pulse for HDO by Nutation

Pulse power = 12 d8 &B =2 C{ 7

~ Duty cycle = 0.10
| Ave= 1144 Hz = Gx
l PW,, @ 12 dB = 43.71 psec / in })u(se,%,?é[.
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1 PWe @ 0dB = 43.71 s 10.93 psec
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Shaped pulses

* Excitation profile = FT of pulse shape
* e.g.sinc pulse => square profile

* Many pulses available! Slnc Gauss EBURB, REBURB,
S |

RSNOB..
* Estimation based on hard pulse P(’l 3> can 148 7€'"PQL
* Direct calibration ‘,ér Qﬁ( !/'aéoq /ZO‘?~)X>/
* Calibration using gs /nver;,,o,‘ (180 Z2 ¢
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Due to radiation damping éffects
particularly important on cryoprobes( ,J LY)‘ rc[r,
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Shaped pulse calibration

Click here to select shape
New options on TopSpin menubar

» Estimation based
on hard pulse by
integration using

U Brubes 17 PSPRI 2.1 on BIOA " b a5 atsu
Flle EJt View Shapes Analysis Menipulate Optlons Window Help
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* Low-power pulses for [selective] excitation or inversi

¢
* Insensitive to miscalibration —-)M)Z’ Make Swe power 4

» Very wide bandwndt ‘5{"0" g enon jL\

"(N\ '?Zu;.r J{ e/c(>
* Ope ate on lfferent principle to hard pulses or shaped pulses:

slowly sweep field so that magnetisation vectors stay locked to
Bet

» Must satisfy adiabatic condition (slowly changing Hamiltonian):

K Weff

dt

» Disadvantage - long pulses, relaxation losses




Adiabatic pulses Adiabatic pulses
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CHIRP pulse
tan/tanh pulse
Radiation damping Radiation damping
500 MBz 'H NMR H,0/D,0 ¢ 700 MHz (on resonance) rf pulse in probe induces 90° rotation of

spins
I * Spins precess at Larmor frequency (700 MHz)
-_-: '_ forz * Changing magnetic field of spins induces 700 MHz rf signal in
90 % H,0/D,0 SN probe (‘the signal’)
' o h * BUT! 700 MHz rf signal in probe induces rotation of spins...

L * Result: rapid rotation of H20 back to equilibrium (taking other
“‘“ — THz spins along for the journey)

0.1% H,0/D,0 i

54 5.2 50 48 4.6 44 4.2 40 ppm

http //u-of-o-nmr-facility blogspot co uk/2007/10/width-of-your-water-line-radiation html




Radiation damping

* Misnomer - 'radiation feedback’ would be more appropriate

* Associated with characteristic timescale:
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Temperature

1H H,0 chemical shift ( relichve & b%)

Rule of thumb:
| A0 (H20) ~7.83 -T/96.9 Shift of 0.01 ppm / K
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Highly deuterated MeOH FAST, yelredooal .
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