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Notation for Spin Systems
CapitalCapital lettersletters A, B, C, M, A, X, Y, A, B, C, M, A, X, Y, …………..

Same Same letterletter =  =  samesame chemicalchemical shiftshift (A(A33, B, B22, X, X66, , …….).)

DifferentDifferent lettersletters =  =  differentdifferent chemicalchemical shiftsshifts

LettersLetters closeclose in in thethe alphabetalphabet (A, B, C, (A, B, C, ……))
J [Hz] J [Hz] ofof thethe samesame magnitudemagnitude as  as  ΔνΔν [Hz][Hz]

LettersLetters separatedseparated in in thethe alphabetalphabet (A, M, X,(A, M, X,……))
largelarge separationseparation ofof chemicalchemical shiftsshifts

--differentdifferent nucleinuclei ((11H, H, 3131P, P, 195195Pt,Pt,……))
--samesame nucleinuclei butbut ΔνΔν [Hz] much [Hz] much largerlarger thanthan JJ
!! !! ΔνΔν [Hz] [Hz] dependsdepends on Bon B00 !!!!
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Notation for Spin Systems

CHH22Cl2
AA22

H

H Cl

Cl

Same Same letterletter =  =  samesame chemicalchemical shiftshift (A(A33, B, B22, X, X66, , …….).)
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Notation for Spin Systems

CHH22FF22 AA22XX22

DifferentDifferent lettersletters =  =  differentdifferent chemicalchemical shiftsshifts
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Notation for Spin Systems

TwoTwo situationssituations::

aa)) CompleteComplete equivalenceequivalence ==

ChemicalChemical shiftshift equivalenceequivalence ((isochronousisochronous nucleinuclei) ) 
+ + magneticmagnetic (spin(spin--couplingcoupling) ) equivalenceequivalence ((isotachousisotachous))

MagneticMagnetic equivalenceequivalence = = eacheach membermember ofof oneone groupgroup ofof spinsspins isis
coupledcoupled equallyequally to to allall membersmembers ofof anyany otherother groupgroup

AA22BB22, A, A22XX22,,……..
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Notation for Spin Systems

b) Chemical shift equivalence, magnetic b) Chemical shift equivalence, magnetic ININequivalenceequivalence
AAAA’’BBBB’’,  AA,  AA’’XXXX’’, AA, AA’’AA’’’’XXXX’’XX’’’’, , ……..

P
N

P

N
P

N

F F

F

F F

F

31P & 19F NMR  

AAAA’’AA””XXXX’’XX””XX’’’’’’XX44XX55 [A[A[[XX]]22]]33
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Magnetic Magnetic InequivalenceInequivalence

AAAA’’BBBB’’ AA22BB22

H P P H H

P

H

P
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Prime vs. Prime vs. BracketBracket NotationNotation

AAAA’’BBBB’’ [AB][AB]22

AA22BB22 [A[A22BB22]]

AAAA’’BXXBXX’’ [AX][AX]22BB

AAAA’’XX33XX33’’ [AX[AX33]]22
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Magnetic Magnetic InequivalenceInequivalence
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BracketBracket NotationNotation

•• Square brackets with subscript indicate repeated Square brackets with subscript indicate repeated 
symmetrysymmetry--related magnetically related magnetically inequivalentinequivalent groups of groups of 
nuclei, e.g. [AB]nuclei, e.g. [AB]22

•• Square bracket without subscript indicate magnetic Square bracket without subscript indicate magnetic 
equivalence of isochronous nuclei inside, e.g. [Aequivalence of isochronous nuclei inside, e.g. [A66]]

•• Each bracket represents a specific symmetry operation Each bracket represents a specific symmetry operation 
(see (see anthraceneanthracene))

•• Append Append a a point group symbol to avoid ambiguity point group symbol to avoid ambiguity 
•• Free rotation Free rotation –– apply Mortimer rule = the most apply Mortimer rule = the most 

symmetrical conformersymmetrical conformer
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Notation for Spin Systems

H H

H

H

H H

H

H

H

H

1H NMR  

BBBB’’AAAA’’CCCC’’AA’’’’AA’’’’’’BB’’’’BB’’’’’’

σV2

σV1

[[AB][[AB]22C]C]22
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Notation for Spin Systems

[[A][[A]22BB]]22

B'

B
A

A'

A''

A'''

Ring planeRing plane Plane perpendicular to ringPlane perpendicular to ring
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Notation for Spin Systems

C

H

H

HH

H

H

13C NMR  

considering isotope shift: A[BC]2DX
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Spin Systems in Spin Systems in 11H NMRH NMR

When separated by When separated by 
more than 3 bonds, the more than 3 bonds, the 
spin systems can be spin systems can be 
considered separatelyconsidered separately
(with exceptions)(with exceptions)
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Spin Systems Spin Systems 

P

M

H

P H

HP

H

M

H

P P

HP

fac mer

AAAA’’AA’’’’XXXX’’XX’’’’ ABAB22XYXY22

33JJPHPH(cis) = 10 (cis) = 10 –– 40 Hz40 Hz
33JJPHPH(trans) = 80 (trans) = 80 –– 150 Hz150 Hz
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Spin Systems Spin Systems 
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1H, 31P

13C, 31P
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Spin SystemsSpin Systems
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Spin SystemsSpin Systems
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AB SystemAB System
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AB SystemAB System
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ABAB22 Spin SystemSpin System

νA = ν3

νB = ½ (ν5 + ν7)

JAB = 1/3(ν1 − ν4 + ν6 − ν8)
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ABX Spin SystemABX Spin System
H

CC

Br

H
Br

BrBr

AB part = 2 AB AB part = 2 AB pseudoquartetspseudoquartets = 8 lines= 8 lines

X part = 6 linesX part = 6 lines

PP

O

O

13C, 31P1H, 13C
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AB Part of the ABX Spin SystemAB Part of the ABX Spin System
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ABX Spin SystemABX Spin System
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X Part of the ABX Spin SystemX Part of the ABX Spin System
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AAAA’’XXXX’’ Spin SystemSpin System
4 coupling constants4 coupling constants

O

A A'

X'X

JXX'

JAA'

JAX JAX'
Both part A and part X Both part A and part X 
feature the same feature the same multipletmultiplet

symmetrical about symmetrical about ννA A or or ννX X 

Both parts have 12 linesBoth parts have 12 lines
with a center of symmetry with a center of symmetry 
at at ννA A or or ννX X 
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AAAA’’XXXX’’ Spin SystemSpin System
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AAAA’’XXXX’’ Spin SystemSpin System
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AAAA’’XX33XX33’’ Spin SystemSpin System

M PP CH3H3C

11H and H and 3131PP
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PP88OO1212·· 2BH2BH33
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PP88OO1212·· 2BH2BH33
CC22hh MolecularMolecular symmetrysymmetry

3131PP Spin Spin systemsystem AAAA’’BBBB’’BB’’’’BB’’’’’’XXXX’’

NucleiNuclei δδ [[ppmppm] ] 
PPAA: : P4, P8 P4, P8 82.65 82.65 
PPBB: : P2, P3, P6, P7 P2, P3, P6, P7 80.95 80.95 
PPXX: : P1, P5 P1, P5 70.5 70.5 
H H 0.80.8

CouplingCoupling constantsconstants [Hz][Hz]
22JJABAB: : JJ 22--4, 4, JJ 33--4, 4, JJ 66--8, 8, JJ 77--8 8 29.2 29.2 
22JJBXBX: : JJ 11--2, 2, JJ 11--3, 3, JJ 55--6, 6, JJ 55--77 24.024.0
22JJAXAX: : JJ 11--8, 8, JJ 44--5 5 11.4 11.4 
JJAHAH: : JJ 44--H, H, JJ 88--H H 7.57.5
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PP88OO1212·· 2BH2BH33



32

F3C

B C O

F3C

F3C
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F3C

B C
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F3C

B C P

F3C

F3C


	Notation for Spin Systems
	Notation for Spin Systems
	Notation for Spin Systems
	Notation for Spin Systems
	Notation for Spin Systems
	Magnetic Inequivalence
	Prime vs. Bracket Notation
	Magnetic Inequivalence
	Bracket Notation
	Notation for Spin Systems
	Notation for Spin Systems
	Notation for Spin Systems
	Spin Systems in 1H NMR
	Spin Systems 
	Spin Systems 
	Spin Systems
	Spin Systems
	AB System
	AB System
	AB2 Spin System
	ABX Spin System
	AB Part of the ABX Spin System
	ABX Spin System
	X Part of the ABX Spin System
	AA’XX’ Spin System
	AA’XX’ Spin System
	AA’XX’ Spin System
	AA’X3X3’ Spin System
	P8O12· 2BH3
	P8O12· 2BH3
	P8O12· 2BH3

