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Figure 47,
I Stick spectra for three-spin sys-
8 tems of the AX;, AK;, AB, and
I‘:"J : E 'I 1 + A, types; Jax = Jax = Jan. The
v n v 1'% AK; spectrum was calculated
o A | with Av = 5 Jux and the AB,

Y spectrum with Av = J 4.
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two diff:rent frequenies.

Az 500 MHz spectrum (AMX iypel
B: 60 MHz spectrum (ABX type):
Lines 1,2, 3 and 4 form an ABsst-
as also do lines 1, 2,
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Solving ABX Patterns
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5 LY '
f b 6 b Two calculated ABX spectra
whose parameters differ only in
1 b the sign of Jx.
A (5 1 | 50 ! T Spectrum A: Spectrum B:
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In the AB part the two AB sub-
spectra are lines 1, 2, 3, 4 and
lines 1°, 2*, 3', 4'. The X part
consists of the three pairs 5/5,
6/6" and 777",
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An AMX Pattern

Hx, R W Hu AM)( 302010 0 12
CI Hy
Jt 5
X M
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300 MHz 'H NMR spectrum in
Source: Aldrich Specral Viewer/Reich
lestuslutanbuinsl  H7
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A berderline AEX pattern (actually an ABMX; pattern, since the M proton is coupled to
the three fluorines. First order analysis of this one is problematic.

(CeH12NO)
300 MHz 'H NMR Spectrum in CDCl,
Source: Aldrich Spectral Viewer/Reich
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B
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A deceptive ABX pattern, in which one of the ab sub-quartets has collapsed to a singlet.
No first-order analysis possible.
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Effect of Relative Sign of Jax and Jgx on an ABX pattern

Same sign Jag=13He Di‘l"rerent signs
Va Vg A B
Jax =5 Hz
=10 Hz =-10 Hz
s % H:?\.
g = 80 Hz
v, =110 Hz
T T T 1|0 T T T 1 T T T 1:0 T 1 L
|Correct choice of ab quartels| Incorrect @b quantets:
Jys. = Jyp. and intensities are OK s 15 OK, but intensties are wrong (le. the
(e the ab quartet with more closely spaced hin ap quartet should have much taller
nner lines has the smaller outer lines. central lines)
pinn

o =(343)2=103T

dvg=8= [(7-1)83) =175

C.id/2= 1007 =8.76= 112.5, 04.9

¢, = [Grd)2=06.25

Avgy. = & = [(B-2)(E-4] =2243
c.25J2= 8625=11.21=107.5,850

Al his stage, we know one of the bold lines is a.
and theolner b, bul we do not know which fs which

Similarty for the thin lines.
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Four Spin Systems
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AA'XX' Spectra

Solving an AA'XX' Pattern

Ifall Illllhelmvi:ible,mdcmhenuiwwlhe' gedoublet and the two ab the
process isstraighforward, as shovn for the sclution of the "'F NMR spectrum of 1,1-
difluoroethylene below:

1. Determine N from the double! separation(35.3 Hz).

2. Measere K {41.2 and 41.4 Hz) and M (317, 32.0 Hz) from the appropriate lise separation
(7J” of the twoab quariets).

3. Caleulme L - it isthe "5." of cach of the ab quartcts. For the K quartet we get:
3!}31]‘(1{1.'614:1_\1335»-212.1)] = 33.8 I, for the M quartet: SQRT](268.1-189.8)(236.4-
=32 Hz

4. Calculate Jjy and Jxx by summing and sbtracting K and M Juy = (K+M)2 =
(41.3+318)2 = 36.5 Hzsli = (K-M)2 = (41 3-31.8)2=4.7 Hz. Because we do not know
which ab quarver is K, and which M, we do pot keow the relative signs of Joy and Yo, nor do
we know which couling is which.

5. Caleulate Jyx and Jyc by summing and subtracting L and N: Jug = (N+L)y2 =
(5.3434.0)2 = M4.7 HeJx = (H-L)2 = (34.3-34.0/2 = 0.7 Hz. Again, we do not knaw

which coupling is which, but the rel sigs can be d ined: ifN] is larger than [L], the
signs are the same, o in this case. -
- 3 L@ 3 ™
= -k < L-
E I

K= Mas ¢ o " of oz ab gaartel
LI o = ud ™07 OF DTN 30 quaries
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50 MHz 'H NMR spectrum o
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The AA'BB' Pattern
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Figare 1-27,

250 MHz 'H NMR spectrum of styrene (11 in CDCls. The protons HA, HMand HX
doublets, shown expanded by the same factor in cach case.

Jasa = 17.6 Hz, Jax = 10.9 Hz, Jux = 1.0 Hz.

cach give a doublet of
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