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Jigsaw 5D

Solid-State NMR

[Week 4 Slides 13-43] The diagram shows the schematic sample setup for a magic-

angle spinning experiment.

a.

b.

7 N

applied field
B,

Define the angles B, 6 and O.
P magic angh = angle bebween By and he rolakin axit

0 = angle bekween & amd dy,
O - angh lekween dy, and relakim axis

Name three interactions which are averaged or partially averaged by sample
spinning.
1) Dbipoton mls&'na bekween yuclian sping

2) Quadrupolox intetackions
3) Anisobropic park of chemieal shift

For a nucleus with a chemical shielding tensor with axial symmetry, we can
write the chemical shift as the sum of isotropic and anisotropic terms:

3cos?p —1
8 =050 + (8,7 — 6iso) <f)
A -
anisotrepic pank
For which angle B is the anisotropic part 0?

L
3 s :‘L-'I -

o
3 :ﬂ'ﬁ:"hg
cos*B= Yy
cos A= o

Beeos () = 54, 74° = magic wnalz

What is the effect of spinning the sample around an axis oriented at f = 90°?
Todig + (a3~ 03) (’—““:’——“) cos (300
Telie $dut T = 3 pp-t a3,

v 4
the amisobropic part is chamged ba -z



2. Here are six solid-state NMR spectra of the same sample recorded at different MAS
spinning rates: OkHz (static), 1kHz, 3kHz, 5kHz, 8kHz and 14kHz.

a. b.
___n,__l__l,,_L_l_A_L_,_L_g‘_L. _jL A - - - l
C. d.
_#JJ_LLLLUJLLJJ____LJJLLL___ 1 1 L
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Chemical Shift &/ (ppm) Chemical Shift &/ (ppm)

i. Which spectrum corresponds to each spinning rate?

a1 3 kHa by 14 kHe
¢ 1kHz di § kH
e) 0 kHz2 FY 5 kHy

ii. The red arrow indicates the isotropic shift, but what does the second arrow

correspond to?
It corres’oond.i‘ to a spinniry side band s .rrl'ﬂl'!r'ns doesn’t ftrﬁ.'dg eliminate all anisobropc effects

iii. What does the spacing between the peaks in part (ii) depend on?

1k dapends an Lhe spinning speed [ :v'g'm' :rﬂ: > !nus;;;pumg
ower speed => smal .:,au’ry

Side bands are spaced ab integt multipleks of the spinning fregucecy .

3. [From past exam] Consider the principal values for the following 3C chemical shift
anisotropy (CSA) tensors:

a. 611=02=5633=50 ppm
b. 611 =30 ppm, 622=10 ppm, 833=0 ppm

Sketch the powder pattern of the '3C spectra for both static and Magic Angle
Spinning (MAS) conditions for each CSA tensor. Of the two static spectra, which has a

larger value of span (Q)?
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1. [Week 4 Slides 13-43] The diagram shows the schematic sample setup for a magic-
angle spinning experiment.

7 N

applied field
B,

a. Define the angles B, 6 and O.
B angle along dhe spinning owis Hhed appeas  when spiming dhe sample / amgle. bekwsen the spiming axs ot the roler amd Hhe edermol magnche feld Bo
B¢ omgle bdween dhe roloc cvis cmd & molecular principal ouis or inkraclion fenson
©: omgle Lelueon the molecolor Jensor owis amd the extecnal mognele feld Ro

b. Name three interactions which are averaged or partially averaged by sample

spinning.

® . is oH i +(‘ e INE
A Chunicn\ Shi4 Anisalr:.ﬁ‘j (csA): .Under MAS of amgle 54,7 JLxcomisolwf""' F"A of Jhe chemical shifl W"?"J4 s isolrepic Va

\oe‘lef‘or\uclw ON\J hemopvclear °hf°laf idteracions. HAs Queraged Te oﬁea‘|q‘(ion-alerW|Jav\" dleﬁw Tom.

Q,_D‘fe,or QvF"”j ¢ o m
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c. For anucleus with a chemical shielding tensor with axial symmetry, we can remored.
write the chemical shift as the sum of isotropic and anisotropic terms:

3cos?f — 1)

6 =650 + (622 - 6iso) < >

For which angle B is the anisotropic part 0?
gCOQZ/;OJ ~1=0 =>Co?/r= 4%
L7 /3= arccos (7_;_) = 54,2y4°

d. What is the effect of spinning the sample around an axis oriented at = 90°?
/AK{‘ [37 :90 , COS@ZO . S0 we Wt\éé p\que an a""SC?‘TC?pr
~ A 4
Jacto o) S P 3= -5 (S22-Tiso)
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’—> Answered on (axt page

2. Here are six solid-state NMR spectra of the same sample recorded at different MAS
spinning rates: OkHz (static), 1kHz, 3kHz, 5kHz, 8kHz and 14kHz.

a. b.
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i. Which spectrum corresponds to each spinning rate?

ii. The red arrow indicates the isotropic shift, but what does the second arrow
correspond to?

iii. What does the spacing between the peaks in part (ii) depend on?

3. [From past exam] Consider the principal values for the following 3C chemical shift
anisotropy (CSA) tensors:

a. 611=02=5633=50 ppm
b. 611=30ppm, 622=10 ppm, 833=0 ppm

Sketch the powder pattern of the '3C spectra for both static and Magic Angle
Spinning (MAS) conditions for each CSA tensor. Of the two static spectra, which has a
larger value of span (Q)?

. SQW\(_Q\= o = Su-$,.= S0~60 =0 P ’i Seeckre B as o \o:oﬁader

\93 L= SM'S’b"st -0 =— SOﬁJM S?o\n_Q_
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Should have four plots.... see other
group’s answers - for MAS spectra we
only see one peak at the isotropic

s L‘-\o s'-o\ \ 400 ¢ 2 o s"o ‘ 4@ chemical shift; for the static spectrum of
; \ P domel b, we would see a broader spectrum
C chenioal ghi(; chonzal ghifl (g with a distinctive “powder pattern”
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Should have four plots…. see other group’s answers - for MAS spectra we only see one peak at the isotropic chemical shift; for the static spectrum of b, we would see a broader spectrum with a distinctive “powder pattern”


Question 2 :
() a: 2kHz + fewer sidebonds , more separafed
b: 4hlkH= -'ezsenl'iq]ls 0“[_3 Hhe isohropic peaks left (foak Aas)
c: 4 lele = lobs of vers closely-spaced sidebands, still looks almest like the stabic PoH‘em
d: 8 ke = mainly isobropic. peaks, odly weak sidebands
e: © ki (skahc) = broad powder palfem, no J1AS  sidebandls
{: 5 ke — clear isolmpic peaks wilh several sidebands

(i) The bloe arrew points to o Has spiming  sideband o) Pat resonnance, prodoced by chemical-shift ansofrop o
Under AS

(i) The spacing belween the sidebands is equal to the F14s spiming (the rotor speed). In olher words, sidebands are.
separated ba Vr (inHe) , so fheir spacing depends on the /AS rate.



