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Jigsaw 1C
Introduction to Nuclear Magnetic Resonance
* [Keeler Sections 2.1 and 3.2] The international reference compound used in NMR

to set up the chemical shift scale is tetramethylsilane, Si(CH3)s4, commonly known as
TMS. Consider a sample containing pure liquid TMS for analysis. See also: Jigsaw 1B.1

Isotope Nuclear Spin Natural Abundance | y/ rad-s1-T!
H % ~100% 2.675x108
“C 0 98,837 0
“c i A, AAT, 6,328 - 07
xs; 0 92,27 0
25 42 b, 37 -5,343 -A0*?
8 0 3.4 0

a. Complete the table above by filling in the most common isotope(s) present in
the sample (list all isotopes with > 1% natural abundance), the nuclear spin,
the natural abundance, and the gyromagnetic ratio of each isotope. Which
isotopes are NMR-active? Why?

A islopes with, o, aucleax spin oxe  NMR-ockive. So “H, “C and PSi hase
o nuclead spin. of /2, which moades themw M!JoHaxﬂ,g octive and therefore s in NMR.
all isotopes with a nuclear spin different than 0!

b. [Keeler Section 3.3] Consider a magnetic field strength (Bo) of 11.7467 T. What
are the resonance frequencies of the active nuclei (in MHz)?
To coleulnye the ferononce Juquencien, we used Hhis Jormuda ,
Vo = —_?:’,5" whawe &, is the magnetic u}idd sl'm\ﬂk) and y e gyromageetic rakio in g -sAT
we only caleuflated the resonance fuquency for Hhe NMR-ackive. {sotops.
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c. Considering the high symmetry of the molecule and neglecting all couplings,
each nucleus gives rise to a single peak in the spectrum at the resonance
frequency. Draw the spectrum, using an absolute frequency axis (in MHz).

~ -S00,AMHz2

~ -J25,8 MHa

lnlﬂ\sil'j,

A3

2s;

p 200 300 400 500
00 v, [MHe]


Audrey Ray Cowen


d. * [Keeler Section 2.4] Why is it not possible to detect this theoretical

spectrum, i.e. to detect heteronuclei in one single experiment?

To obtain the SiCHy)y molecule’s spectrum drouun.in b previous quashion , the
expeninent analydis shoudd cover Jrequencies between ~33 to ~500 Mitz , which.
covers an. approximotely LOOMHz range . Howewer, WMR spectromalecs Juquency ranges

e much smaller . for example, in Jig. 2.42 of keeler 2.1, the .}u,qumcjm% s

aound 0,0FMHz for quinine S00MHe Spechrum . In. conclusion o«wd o ruclel hjpe. con
be obterved. i a Single experimant.

* [Keeler Section 2.3] The following 'H spectrum is of a molecule with the chemical 2/2
formula C4H100. Predict the structure of the molecule, assign the spectrum, and give  Really good
the relative intensities of the signals.

4 3 | 2 | 1 0
'H chemical shift (ppm)
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-n - . -
de Enetloferluchy g ZL';‘—Z"Oz 0 = no double-bond A\

Then , thanks fo the DMR Chemicod shift vabues table, we could daduce ol the molecule was
probodoly  an alipdic compound , which lmoim!, valueh are included belween ~35 and ~0,5.
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1. * [Keeler Sections 2.1 and 3.2] The international reference compound used in NMR
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to set up the chemical shift scale is tetramethylsilane, Si(CH3)s4, commonly known as
TMS. Consider a sample containing pure liquid TMS for analysis. See also: Jigsaw 1B.1

Isotope Nuclear Spin Natural Abundance | y/ rad-s1-T!
H % ~100% 2.675x108
2C o 93,89 o
A3 % A 6,328-10%
asg; o] 99,232 (o}
22g; % 4,639 -5,313.407
Pg; (o] 3,092 (0]

b.

Complete the table above by filling in the most common isotope(s) present in
the sample (list all isotopes with > 1% natural abundance), the nuclear spin,
the natural abundance, and the gyromagnetic ratio of each isotope. Which
isotopes are NMR-active? Why?

1H,73C amot 2°S; axe NMR awobive as £hese Apum A5 mom Zernd..

[Keeler Section 3.3] Consider a magnetic field strength (Bo) of 11.7467 T. What
are the resonance frequencies of the active nuclei (in MHz)?

w=Y%6,

w(*H)=500,403 MHz
CU(43C)= 125,383 MHz.
€ (2°Si)=-33 b4 MMz,

Considering the high symmetry of the molecule and neglecting all couplings,
each nucleus gives rise to a single peak in the spectrum at the resonance
frequency. Draw the spectrum, using an absolute frequency axis (in MHz).
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d. * [Keeler Section 2.4] Why is it not possible to detect this theoretical
spectrum, i.e. to detect heteronuclei in one single experiment?

Oiffpsnit mucts. e tifftnd ¥, nacmima thot £hey xesomats ok otiffersut

ety fo o Given B ol Atsaugth
Within the same nuclei the differences in frequency are really small so we need
to focus on one region to observe their difference.

0/2

2. *[Keeler Section 2.3] The following *H spectrum is of a molecule with the chemical
formula C4H100. Predict the structure of the molecule, assign the spectrum, and give
the relative intensities of the signals.
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* [Keeler Sections 2.1 and 3.2] The international reference compound used in NMR 2/2

to set up the chemical shift scale is tetramethylsilane, Si(CH3)s4, commonly known as
TMS. Consider a sample containing pure liquid TMS for analysis. See also: Jigsaw 1B.1

Isotope Nuclear Spin Natural Abundance | y/ rad-s1-T!
H % ~100% 2.675x108
nC D 7 1%
1C Uy |-l / 6.128-10%
2 D J2.21 0

s, 'l 171 -5.314+107
L, 0 31/ 0

a. Complete the table above by filling in the most common isotope(s) present in
the sample (list all isotopes with > 1% natural abundance), the nuclear spin,
the natural abundance, and the gyromagnetic ratio of each isotope. Which
isotopes are NMR-active? Why?

'H, ”C) w5& are NMR‘MW« 7 1”"5/ have  paon -zev0
N/w{w SPIVL, ' L.a rom- ey "‘ny/AL W) whieh s
defecled b VMR

b. [Keeler Section 3.3] Consider a magnetic field strength (Bo) of 11.7467 T. What
are the resonance frequencies of thg active nuclei (in MHz)?

00 - ﬁ_) |Hi Ja: 2675%107 « 1. 7467 ~ 500.1 MHZ
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c. Considering the high symmetry of the molecule and neglecting all couplings,
each nucleus gives rise to a single peak in the spectrum at the resonance
frequency. Draw the spectrum, using an absolute frequency axis (in MHz).
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d. * [Keeler Section 2.4] Why is it not possible to detect this theoretical
spectrum, i.e. to detect heteronuclei in one single experiment?

NA/IIZ WW/WM we Hwnd  for ’éﬂmﬁ"t [fﬂz«-u? ravge A a e
Py te nwele; vesoveke  of Vcrj A{M ﬁ%uwaos Afm/ ag  some Feazks CH
o (se ) ore mach _dwyy Han  oftors(P( wnd wS'),s‘]M/-h-n‘o/sa vato  becone
problemabic .

2. *[Keeler Section 2.3] The following *H spectrum is of a molecule with the chemical 2/2
formula C4H100. Predict the structure of the molecule, assign the spectrum, and give
the relative intensities of the signals.
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