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Oxygen O2: “The only known paramagnetic molecule with an even number
of electrons, whereas paramagnetism is the usual rule for molecules with

an odd number of electrons”

Assumptions: Lowest energy states are 3 closely spaced 3S levels. 
Structure splitting << kBT

Curie’s law for S = 1 :

χ = Νβ2 4S(S+1)/3kBT

Prediction confirmed by experiments down to 136 K (Boiling point : 90 K)

In liquid and solid state, χ(O2 diluted in N2) obeys Curie’s law
(Perrier & Kamerlingh Onnes)

But what happens below 60 K when kBT ~ 3S structure splitting ??

Prediction for free O16O16 gas :   χ Const.  ,  as T 0
(A.H. Cooke and W.P. Wolf , Proc. Roy. Soc.225A,112,[1954])



Nitric Oxide NO : 2Π doublet

Σ = ½

Σ = - ½

Λ = 1 orbital angular momentum

χ = (Nβ2/3kBT) x Φ(173/T)         Free gas.

Experimental results from several labs above 120 K

But what happens at lower temperatures ?



Molecules trapped in β-quinol clathrates

•
•
•
•
•
•
Experiments on susceptibility of O2 (A.H. Cooke et al. Proc. Roy. Soc.225A,112,[1954])
Symbols : Data .                    Dashed line :  Predictions for the free O2 gas      

Trigonal axis



Nov. 20, 1956

I was delighted to learn from Miss O’Brien 
that you are making measurements on the 
oxygen clathrate compounds. I would 
appreciate it if you would send me the results 
as soon as you obtain them…… I am 
therefore taking the chance of giving a 10 
minute talk at the N.Y. meeting of the APS at 
the end of January. If your measurements 
confirm our theory, that of course makes a 
better paper……….
Incidentally if you are able to run NO down to 
half a degree, that would be wonderful, but it 
is the oxygen data I am interested in as 
regards the immediate future.

Sincerely 

J.H. Van Vleck



O’Brien and Van Vleck theory :
O2 molecules are not free to rotate, but are subject to a hindering potential 
Vo/kB = 32K, as derived from the Oxford 1954 χ experiments.

H.Meyer, M. O’Brien and J.H. Van Vleck (Proc Roy Soc. 243A, 414 (1957)

Solid curve: Theory with hindered rotation (O’Brien, Van Vleck)
Dashed curve : Theory for free gas 16O16O      Symbols (Open circles): New data

Vo/kB = 32 K ---- hindered rotation frequency ν = 0.49  x1012 sec-1



May 17, 1957

This letter will acknowledge receipt of 
your message regarding the lag in receiving the 
immigration visa.

I am consulting some of my friends at 
the Office of Naval Research in Washington as 
to what is the most diplomatic way to proceed 
for accelerating action abroad……….I wanted 
to check a little further, as I did not want to do 
anything that would be considered improper 
intervention and would prejudice your case

…..it would be particularly nice to have 
you arrive here in August



a) Crystalline Potential of trigonal symmetry

– corresponding to that of the clathrate

b)      Estimated hindering potential V/kB = 45 K ,

in-between that of N2 (75 K)  and O2 (33 K)

Success in fitting the experimental data with this potential,

However: the predicted 1/T term, which should be 6% of 

main term  at 1 K,  was not observed. 

Search for ESR resonance measurements on single NO clathrate crystals to 

detect the weak paramagnetic term, predicted by  Van Vleck,  unsuccessful 

in detecting a signal over estimated range.(E.R.Hunt and H. Meyer, 1964)

1/T



O2

Confirmation of the O’Brien and Van Vleck theory by paramagnetic resonance 
experiments of O2 in clathrates :

(S. Foner, H.Meyer and W.H. Kleiner , J. Phys. Chem. Solids, 18, 273, [1961])

Hindered potential   Vo/kB = 34 K.     (O’B,VV : Vo/kB = 32 K)

Fine structure of resonance observed: Interaction with molecules in neighboring cages

NO
Infrared spectra measurements
(J.C.Burgiel, H.Meyer and P.L. Richards, J. Chem. Phys.43, 4291 [1965])

Hindering potential energy V/kB =47 K .  Van Vleck’s estimate : V/kB= 45 K          



Rare- Earth Iron Garnets

2Fe2O3. 3Fe2O3.  3M2O3   where M is trivalent  Y3+ or a Rare Earth
a           d          c interpenetrating sublattices

Trivalent Fe3+ has spin S = 5/2 . The a and d sublattices have antiparallel spin 
alignment Ferrimagnet .
RE spins ( on c sublattice ) interact mostly with the d sublattice and align antiparallel.

Van Vleck was principally interested in Europium Iron Garnet. 
The reason for this:
Ground State J = 0,   First excited state of the J=1 triplet  : E/kB = 458 K
Second-order Zeeman effect important because of the proximity of  triplet state. 
Hence Eu+3 has a magnetic moment and a sublattice magnetization.



Schieber tells me the values of 
Md we used  were from Geller. I 
think that the work of Pearson 
et al. is a big improvement over 
our cubic field. They claim they 
fit the susceptibility O.K. Your 
paper on EuIG just received. 
Many thanks. Will write about it 
later.     

Van



Here is the latest letter re the 
AVC which may interest you. 
Don’t return.

I do not think this is a 
picture of you and Rosemary 
on the card, despite the 
location



John H. Van Vleck, at Harvard, 1975



Van Vleck’s last lecture at the University of Wisconsin, (May 1st, 1979)  



Graves of Abigail and John H. Van Vleck, Madison, Wisconsin    (Photo  credit: C.C. Lin) 



Vive  Van  Vleck !!
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