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8-One Dimensional NMR

Experiments Using Complex
Pulse Sequences

Figure 8-1.

Effects of 90° and 180° pulszs ca:
longitudinal magnetization comp>
nent M;. The wavy line indicat
the effective direction of the .l
field B, in the rotating coordin*
system x', y’, z. The thick ar®
represents the magnetization '
after applying the pulse.
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Figure 8-2. ;
Effects of 90° and 180° pus®”
transverse magnetization C*7"
nent M,y The wavy line ind"
the effective direction of ¢

: jo*
field B, in the rotating C"" o
system x', y’, z. The (ijam.a:-‘
184 represents the magnetiz’
after applying the puls®
90e
Y
s Ise (lower diagrams, d to f) on two arbitrary
ects of a 90} pulse (upper diagrams, a to ¢) and a 903 pu g resolved into their
magnetizati i b, d and e the vectors A and B are shown 5
ion vectors A and B. In diagrams a, b fter applying the pulses. Diagrams cand

’['" and y'-components, &/ and 4 (thick arrows) are the new vectors a
show the effects on both vectors A and B together.
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Figure 8-4.
Effects of 180 and 1805 pulses on the transverse magnetization veetor A (upper diagrams) and on the

two vectors A and B (lower diagrams). The coordinate system x', y', 2 rotates with the average Lamot
frequency (va + m)/2. .o and 4 (thick arrows) are the new vectors after applying the pulses. '

The initial situation is shown in the central box,
slower, as indicated by the small arrows outside
pulse, b and d after a 180 pulse. The directions

the pulses.
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with A rotating faster than the coordinate system i
the cireles. Diagrams a and ¢ show the situation @ et
of rotation relative to the coordinate system af¢

Sty fv/';
X
W)L‘-'—'\)l = E\ Eo

Figure 8-5.

Effect of applying a linear field m;
dient along the direction of the ﬁd
By (the z-direction). The ‘I“a""";
gn are the contributions of the f¢

gradient to the field Bo. 1 ©0 %
the resonance frequencies for ¢
five arbitrarily chosen slices 1
In the center of the observed -
ple (slice 3 in the example SH"
&n is zero, while it is pc»s:lm!“f 7
the center and negative be
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Figure 8-6,
The behavior of fhe trang;
mngnellzalwn under thei
of a field gradient, Asjy e
five slices are shown, the -
u./ J : field contribution gy in gl N
— Y ° center of the observed \dm,-
V. being zero. A 903 pulse et
,.,, ¢ the transverse magnetizatini
tors M) to Ms. Owing loth: &/
gradient contributions g log i
precess with different frequenis
to vs. M5 remains along the
5 y'-direction in the rolating =
a _+ _ since both the magnetizatl
(fhtf:;f:“'} “t & the frame have the same 5=
M, IM T /U2 w, while the other transie™
/ ' netization vectors fotaic
directions indicated "y'wp
arrows (diagrams b9,
result of the fanning:0%
macroscopic {rans'er* ,5:"‘
tion M, for the Mﬁp;
' (diagram d) eventoalY
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"Echo" Figure 87.

The gradient echo experiment.
A: Pulse sequence. After the 90%

pulse the field gradient G is applied
for a time . A gradient of the same
magnitude and duration is then
applied in the opposite direction

@27 (uug Jr

Ay
'4,

(-G)-

B: The vector diagrams show the

behavior of the transverse magneti-

7 zation for slice n. During the first

//' 7 s, intervalT, under the influence of the

gradient G, it precesses through a2n

'-p U ~ angle @ in the rotating frame

o< (diagram b). During the second

S interval r the process is reversed by
the gradient =G, so that the trans-
verse magnetization vector is again
along the ¥ +direction, producing 2n

echo.
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Figure §-8. rotl |
Energy level scheme for a o™ |
AX system with A = 'Hand |
X = 13C; example: BCHCL MY
Ny are the pupumiom.m

Ny >N:>N3>NJ-M!'€:
macroscopic 1*C magnetis?
vector for the N1 + Mdhf;
molecules whose pro™ i
a-state (MCHaCls)s while

that for the Ny + Ne
Mmsepmlot;wi“‘“w
(PCHyCl).
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et spin-echo experiment,
anWmuup‘::::r;mnmnm,“.., d); only BB ling is applicd (inier- ) g
mnhlﬁw_ ] , e ZJT' A
By inthe rotating coordinate system ', ',  for an AX spinsystem with A = 'H and X = BC. M y
g3 10¢ show the evolution of the 13C magnetization vectors ML and MY up to the co uly 3
Wm"":“'*‘mwk Dlwme.w:kumﬁgﬁm&m&ﬁxm ﬂ )
%‘ﬂu‘rl E 5 a1 acquisition r atica are j
mmmm?“ 3C NMR signals after data acq Je .
1
| 5 "
'J/(:l W)
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Table 8-1.

J-modulated spin-echo experiment.
Phase angles @ as given by
Equation (8-2) for five special
values of 7.

G=21J(c¢H)T

¢

0

[4J(C,H)] !
[2/(C,H)]!
3[4J(C,H)]"!
[V(C.H)]!

90°
180°
270°
360°
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J-modulated spin-echo experiment for *C nuclei with 0, 1, 2 or 3 directly attached
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Figure 8-20.
The reverse INEPT experiment.
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Figure 8-22.

; CH-3
0 ' The DEPT experiment; for pulse
sequence see text.

A: 100.6 MHz *C NMR spectrum
of the neuraminic acid derivative 1
with H BB decoupling (6 = 10 to
® @ 110 region only).
B: CH sub-spectrum: DEPT(90).
C: CH: sub-spectrum:

DEPT(45) — DEPT (135).

et D: CH; sub-spectrum:
a DEPT(45) + DEPT(135)
it } —0.707 DEPT(90).

(Experimental conditions:
167 mg of the compound in 2.3 ml
Dz0; 10 mm sample tube;

16 K data points; 32 FIDs for
\'\.\I\I" : 8, = 45°and O3 = 135°, 64 FI1Ds for
gy 80 T T T T T €, = 90°; r = 3.57 ms; total time

6 S0 w30 206 approx. 12 min.)
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DEPT(135) spectrum of the neuraminic acid derivative 1, reco

rded using the pulse sequence ghea 2=

with 8, = 135°. The signals of the five CH groups, identified with the help of the DEPT(%D) 5pes=

(6, = 90°), are marked by arrows. The other threz positive signals arise from

signals from CH; groups.
(Experimental conditions:

20 mg of the compound in 0.5 m D;0: 5§ mm sample wbe: 32 K data points; 300 FIDs: 7= 357 s
approx. 20 min.)

Table 8-2.

CHj groups, 2nd (12 o

Partial assignment of the 1*C NMR signals of 1 from the results of the

DEPT experiment.

6[ppm] CHs;

CH:

CH C

Assignment

232 “«
40.31

52.12 b
52.83

54.65 *
64.50

67.51

69.18

70.98

71.67

100.32
171.507
175.93%

XX X X

X

CHs (Ac)
C3

CS5

c9

C-2

* Values from the complete spectrum (Fig. 8-12 A)



st boww (5lae 9l 2uSuling 3y ooy Oy Olnl 2o g ools SRyl (ylojlw
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The One-Dimensional INADEQUATE Experiment

902 — 7 — 1803 — 7 — 902 — 4 — 90% — FID(y)

Table 8-3,

CE Ccoupling Constangs f,,
mined from the one-(j rldﬂu

nsj
s acH; INADEQUATE Spectrup, i
g 1(CC) ™
F;W': Om:-dii:?n.si.onul INADEQUATE
e cxpcrin-te{ll np;:;ltli: to l\:H: ¢ J (2,3) 36.9 + 01
neuraminic acy Tivat . !
L e | 00 sl
in| - 0
: 110 region only). 5 .I (4,5) 38.1 T M
L B: One-di ional
e INADEQUATE spectrum. J (5,6) M
C: Expanded portion of spectrum B: J (6,7) 43701
6=641072.
‘ , ( Exper;:lmml conditions: 1 (7,8) 40+ 05
167 mg of the compound in 2.3 ml J (8 9) 411 02
D:0; 10 mm sample tube; 7= 5 ms; 2
] BT | T T T . intee . E Nt LA R e
LI R e 210 = 16 K data points; 16384 FIDs;

total time 14.2 h.)
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Figure 3. Representative 'H spectra of 1 obtained using the selec-
tive inverse INEPT pulse sequence (Fig. 1). Figs 3b—s, 800 transients
each of 8K data points zero filled to 16K; transformed with Gaussian
weighting. (a) Basic "H spectrum; (b) with excitation at C-2; (c)
with excitation at C-5; [d) with excitation at C-13; [e] with excitation
at C-20.

Tk e T T —

s0; 1802

IH1 -I —
o) it) o) Mir) -

Fig. 2.44. The DEPT experiment for a '*C-'H doublet; pulse sequences in the proton and
carbon-13 channel (a-g) and the motion of proton and carbon-13 magnetization, controlled by the

pulses and by S-modulation {a-h).
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Fig. 2.45. Signal inensities ol
CH, CH, and CH, groups as
functions of the polarization
transfer angle @, . The proton-
decoupled signals of C-9 (CH),
C-1 (CH,) and C-18 (CH;) in
cholesteryl acetate (100 mg/mL

. |
: ' : ]l in deuteriochloroform) are
- & o
By— L9 ao0° 135° 180 observed at 100.6 MHz [56]
(I? 4-Hydroxy-3-Methyl-2-Butanone
[ ]
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In the DEPT spectra, the C with an odd
number of attached H have a positive
phace (np) and thnep with an pven
number of H have a negative phase DEPT
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Fig. 248. INADEQUATE pulse sequence (a—f) and pulse-driven motion (a-[) of carbon-13
magnelizations S, for '*C —'*C singlet and §, for **C—"*C doublet signals in the rotating frame.
Proton broadband decoupling is applied throughout the expenment.

4 2

-— - Jp3 =352 Hz

i - | Uyy= 26 Hz

— : J)3= 1.7 Hz
2—y ”\, L™ 9ppm

Jp3= 352 Hz

o3 17 Hz
27.8 ppm

S - Ty = DO Mz

Fig. 249. INADEQUATE spectra
| L of the '*C—=""C doublets of
4 Y i 25.9 ppm piperidine (neat liquid, 50 MHz),
] Pl i including an analysis of one-, two-
o e ‘2_72 = 2.6 Hz and three-bond carbon-carbon
-— J,:ﬁ BOHz coupling constants [58].
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