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The theoretical treatment of CINP has been confined so far to dynamlc(longl-, 

tudinal) polarization In radical transfer (1) and transversal polarization In 

radical recombination (2) and transfer reactions (3). These theories, however, 

cannot explain why both transfer and recombination may glve rise to longltudi&l 

and transversal polarization as well; an explanation for the fact that the type 

of polarlzatlon may vary with the intensity of the magnetic field (4) is also 

lacking. A simple theory explaining these effects Is presented here; a quantl- 

tatlve treatment will be published elsewhere (5). 

A radical pair with g-values ++) g1 
electron Zeeman states pl= ++,(y2= b (-+) + 

l&z _- (energy decreasing), whereby a and b 
I- I t 

and g2 may exist in each of the four 

a (+-),(#v,= a (-+I - b (t-1 and 

are given by eq. 1 and a2 + b2 = 1. 

a/b = 5 
11 

(&)2 +J2 + AH 1 (1) 

(J = electron coupling constant,& =pAh(gl - i321 1 
To explain CINP In this system, the following postulates have to be made: 

1. CINP arises from transitions )I/5-II/, (or v2-$?5). 

2. These transitions Involve simultaneous spin Inversions of two nuclei, which 

may either be in the same (NY-type",Am jz=- +2) or in the opposite direction 

('X-type", nmj,= 0). 

Part I of this series: F. Gerhart and G. Ostermann, Tetrahedron Letters, 
In press. 
These g-values refer to the radicals in the radical pair and may thus differ 
from those of the free radicals. 
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3. The Initial population of states l+/2 ana v3, n2 and n3 respectively, is pro- 

portional to the "singlet" character" of the respective state if the precursor 

is a singlet (n3)n2), whereas the reverse Is true if the precursor Is a tri- 

plet molecule (n2)n3). 

Let us first consider the case of large inequivalence, i.e.&/J))l. If such 

radical pairs are generated from a singlet precursor, n2 and n 
3 will not differ 

greatly (since n2 = n3 for Ah/J-coo), but n3)n2 will still hold. The "allowed" 

transitions y3- Iv2 for a particularly simple system of this type (only 

one proton in both R1 and R2) are Indicatea as arrows in fig. 1 a. 

Fig. 1 a Fig. 1 b 

The rates of the two X transitions X1 +) and X2 +1 will usually not be Identical 

since gl t g2; the same will be true for Y1 +) and Y2 +1 . Furthermore, the 

electron spin change may be described by -+*+-; thus the transitions have 

So-S o character and will not give rise to dissociation of the radical pair. 

Two main differences arise in the case &C/J = 0. First, the transitions 

?3-11/2 have So-T o character and therefore will be followed by dissociation 

(2). Second, we may no longer distinguish between transitions Xl and X2 (or Y1, 

Y2); thus, their rates must be identical. These "degenerate" transitions, X, 

and Y a' are shown as solid and dashed arrows, respectively, in fig. 1 b. 

+) Index 1 indicates that tine spin Inversions of electron and nucleus of radical 
R1 (greater g value) are in the same direction, whereas they are in opposite 
direction If the index is 2. 
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If the net number of transitions #f3-y2 (X typ,e assumed) is dl for Xl, d2 

for X2, and da for Xa transitions, the final population of the nuclear levels 
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of RI-R2 nil1 be n (&a), n - di + d2 (Up), n - d2 + dl (pw), n (pfi> for the 

casenE/J))l, and n (am), n - da (afi), n - da (/S(Z), n (pfl), forAE/J = 0 

(n = 1/4(n2 + "3) ). The former partition is apparently characteristic for a 

longitudinal, the latter for transversal polarization. 

The influence ofnE/J on the observed spectra may be conveniently demonstrated 

for the case of an AMX coupling pattern in RI-R2 (A,M In R2, X In RI). The 

"allowed" transitions" (X tybe, singlet precursor assumed) are shown in fig. 2 +) 

(X 1:-; X2:---*; symbols Indicate which nuclei are flipping). 

aaa 

I II I III I II II 
(Xl (Ml a (A) 

I II I 
I II I b “‘I 

I I I 

I 
I I 

I I c ‘I 

(XMA) 

Fig. 2 Fig. 3 

The resulting theoretical spectra are shown in fig. 3 (JAx) J,&O>JAM); a) un- 

polarized R1-R2, b)OE/J))l("X1 type", i.e. rate of X1 greater than that of X2), 

+) The partition generated by v3-p2 and subsequent recombination is the same 
as If the nuclear transitions associated with X1, X2, and X, had occurred in 
the recombipation product; consequently, the transitions may be represented 
by arrows In the level scheme of R1-R2. 
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c)f&/J = 0 (Xa type). (In fig. 3 the rates of transitions "AX" and "BX" are 

ass-d to be equal; transitions "AB" are neglected). 

It should be pointed out that for longitudinal polarization, absorption and 

emission do not alternate within the line group resulting from transitions of 

a given nucleus (fig. 3b). Such alternation may only occur If transversal relaza- 

tion Is operating (fig. SC), a general feature of all A,X, (or A,B,) spectra. 

The theorectical dependence of longitudinal (- ) and transversal (------) 

polarization on nE/J Is shown in fig. 4 (5). This graph may also be Interpreted 

as reprewmiting the field dependence of the two polarization types since &S/J 

Is (in a given system) proportional to Ii. 

Fig. 4 ylg. 5 
+) 

-CXX)& 

X 

-C&Ph 

Reactions occurring via radical pairs with different g values of the components 

should give rise to transversal polarization If the reaction Is run In a weak 

magnetic field; however, the polarization becomes longitudinal ("dynamic") with 

Increasing magnetic field. The field intensity at which this change In polarl- 

zatlon type occurs will vary Inversely with the ~'lnequivalence" (g, - g,). The 

same ought to be true for radical transfer reactions (6). 

l ) The signal marked x Is due to dlbenzyl (enhanced absorption). 
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1. 1,1,2-triphenyl-ethane, p repared by thermal decomposition of benzyl-azo- 

diphenylmethane, shows transversal polarization (7) (Xa type). This is in agree- 

ment with theory since benzyl and benzhydryl radical should not differ appre- 

ciably in their g values; both are "carbon" radicals. Transversal polarization 

Is also observed for III obtained from rearrangement of I (81, which proceeds 

via the radical pair II. Again the g values of the ketyl and the t-butyl radical 

are obviously not sufficiently different to give rise to longitudinal polarlza- 

tlon. 

Ph-YH-0-C(CH313 - Ph-dH-OLi l CICH3)3 
Li I 

- Ph-fH-CKH313 

(I I (II 1 
OLi 

l III 1 

This rearrangement seems to be an example of Ya type relaxation whloh results 

in an overpopulation of the levels at or near zero. According to the theory of 

Gloss (2) an underpopulation should be expected. 

2. In VI obtained from the Melsenhelmer rearrangement of IV both the benzyl and 

methyl protons are emitting (9). 

05 
’ 4 6H5 _ 

Ph-CH+“3 
‘k6H6 _ 

PhCHf l rJ: 
OCH3 1 

PhCHTO-b@“5 

CH3 

The polarization is thus longitudinal (Y, type). In this system the nitroxlde 

and the benzyl radical are known to differ in their g values by about 10m3. If 

J is assumed to be lo6 - 107 sec'l (as In radical anion pairs (10)) the con- 

dition nE/J))l seems to be met. 

The thermal rearrangement of VII yields IX, the spectrum of which Is shown In 

fig 5 a (11). Apparently this is a case of longitudinal (X type) polarization 

as may be seen from comparison with a calculated spectrum (fig. 5 b). 
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P YH3 
Ph-C-CH-S-CbPh - 

!? 
Ph-C-CH=SCH3 *CH2-Ph - 

00 
(VII 1 (VIII I 

1 
0 SCH3 

Ph-ii-L:H-CHsPh 

( IX 1 

If signs are neglected, the integral over the X lines (fig. 5 a) is nearly equal 

to that over the AR part (1 : i;O8), whereas in unpolarized IX this ratio is 

1 : 2. This is in excellent agreement with the theory presented here, which 

predicts a ratio of 1 : 1 for polarized IX. It may be shown that this is a 

general phenomenon common to all cases of coupling patterns A,X, (or A,B,) 

in Ri-R2. 

The author wishes to thank Prof. Dr. U. Schollkopf for stimulating discussions 

and support of this work. 
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