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Just as the electron in an H atom 
does not fall to the nucleus, the 
bond does sit at a definite 
distance.
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Fig. 13.26 
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Visional pigment percursor



Fig. 13.36
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Raman

Selection Rule For IR:  Dipole must change
with vibrational motion

Selection Rule For Raman:  

Polarizability must change
with vibrational motion
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http://en.wikipedia.org/wiki/File:Quantum_spin_and_the_Stern-Gerlach_experiment.ogv

DISCOVERY of SPIN
Stern-Gerlach experiment: 1922: 
quantization of spin
Before spin quantization was known 

Furnace is spewing a beam of HOT
silver atoms which have unpaired
electron i.e., spin of 1/2

Before entering the magnet, the spins have same energy,
just as the proton spins in the NMR tube before placed in magnet..

BIG SURPRISE: only observe one of the two energy levels when measured.

http://en.wikipedia.org/wiki/File:Quantum_spin_and_the_Stern-Gerlach_experiment.ogv
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NEW kinds of MRI (magnetic resonance 
imaging (MRI) 
Diffusion Magnetic Resonance Imaging

Tractographic reconstruction 
of neural connections via 
Diffusion Tensor Imaging
(DTI)

Water channels
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Z component also is  
quantized:
Lz = m h/2π

m = -l to +l
m= -1/2 and +1/2
for electron and proton 

Spin Degeneracy = 2l+1
l=0     2l+1 = 1  “singlet”
l=1/2  2l+1 = 2 “doublet”
l=1     2l+1 = 3 “triplet”
l=3/2  2l+1 = 4 “quartet”
l=2     2l+1 = 5 “quintet”

True for ALL
Angular Momentum

1 s orbital
3 p orbitals
5 d orbitals
7 f orbitals

Bosons
Fermions

Photons are Bosons 
with spin = 1 (polarization)

Bosons obey Inclusion
LASERS (all in same state)
Fermions obey Exclusion
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But what does “spin up” 
REALLY mean???

spin up and spin down are two
quantum “energy levels” or 
STATIONARY STATES.  

There is Equal Probability to 
observe any of the up arrows 
in the up state.

No spin ever points up!
But all lie on the cone so m=+1/2
The average vector points up

“up” means upward
at a certain angle

“down” means downward
at certain angle
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Magnetic Field
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The applied magnetic field is same everywhere in sample. 

Field at the nucleus is reduced because of electron density 
so each chemically distinct H has a slightly different resonant frequency
i.e., CHEMICAL SHIFT

NMR Spectroscopy vs. MRI:
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For MRI (magnetic resonance imaging):

Applied field is deliberately made to vary across the sample.

Frequency set to ONLY MEASURE WATER

Then, protons in different parts of sample will resonate at different frequency

Only because of POSITION;  

NOT because of different chemical shift

MRI Detects primarily two things:
(1) amount of water at different positions

(2) and direction of diffusion (more difficult)
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