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clearly preferentially incorporated into the solid phase as 
the temperature is lowered below 32 0C. Perhaps the most 
interesting feature of the present results is the quantitative 
discrepancy between the observed and calculated tempera
ture dependence of the 13C line broadening. In essence, the 
observed DPPC* resonance senses the onset of the lateral 
phase separation more strongly than expected on the basis 
of the theoretical calculations. The calculation assumes that 
13C nuclei in fluid domains are only broadened by lateral 
diffusion to solid domains. The calculated line broadening 
at the onset of the phase separation is small since the typical 
distance a molecule must diffuse (~1 /i) is too far for this 
motion to be an efficient broadening mechanism for all 13C 
nuclei in fluid domains. 

A possible source of this "early" line broadening is nu-
cleation throughout the fluid phase. If this process is suffi
ciently rapid, and extensive, then a large proportion of 13C 
nuclei in the fluid phase may sense a relatively rigid envi
ronment, for a short period of time, without the need for 
long-range lateral diffusion. Unfortunately, it is difficult to 
give any theoretical estimate of the nucleation rate, since it 
depends critically on the number of molecules required for a 
nucleation center. Random composition fluctuations of the 
magnitude of those related by tie lines connecting the flui-
dus and solidus curves are very probable for groups of mole
cules of the order of ten, and become rapidly less probable 
for larger groups of molecules. Freeze-fracture electron mi-
crophotographic studies of lipid mixtures such as DEPC 
and DPPC as yet show no evidence of such nucleation cen
ters; however, when membrane proteins are included in 
these mixtures one often observes patterns of solid phase 
crystallinity that indicate that such proteins can serve as 
nucleation centers for the growth of large solid phase do
mains (W. Kleemann and H. M. McConnell, unpublished). 

In previous work, studies have been made of the tempera
ture dependence of the active uptake of /3-galactosides and 
/3-glucosides into E. coli cells having simple fatty acid com
positions.1 In one case (E. coli 30E/3ox~ grown on elaidic 
acid) there is a virtually discontinuous marked increase in 
the transport rate with decreasing temperature, at the same 
temperature shown by the spin-label TEMPO method to 

We would like to report on ESR and ENDOR studies of 
the radical anions of [2.2]paracyclophane (1), anti- and 
5jn-[2.2](l,4)naphthalenopnanes (2 and 3, respectively), 
and [2.2](9,10)anthracenophane (4). Table I lists the perti-

mark the onset of a lateral phase separation.1 It has been 
suggested that density fluctuations (nucleation) in the im
mediate vicinity of the transport proteins may be responsi
ble for this enhancement of transport.1 The possible density 
fluctuations reported in the present work fall in a frequency 
domain that is consistent with this earlier proposal, and the 
present study provides the only physical evidence yet avail
able for such fluctuations. 
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nent coupling constants observed with three different sol
vents: 1,2-dimethoxyethane (DME), tetrahydrofuran 
(THF), and 2-methyltetrahydrofuran (MTHF); the coun-
terion, K+, and the temperature, —90 °C, are the same 
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Abstract: The radical anions of [2.2]paracyclophane (1), syn- and a«n'-[2.2](l,4)naphthalenophanes (2 and 3, respectively), 
and [2.2](9,10)anthracenophane (4) have been studied by ESR and ENDOR spectroscopy. The results confirm the expecta
tion that the spin distribution between the two equivalent x systems is governed by the association of the radical anion with 
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Table I. Coupling Constants (G) for 1 •" to 4-' 

Radical anion of DME THF MTHF Assignment 

2.97 (8)° 

1.03 (8)* 

3.00 (4) 

2.13 (4) 

0.98 (4) 

0.60 (4) 

0.28 (4) 

2.42 (4) 

1.70 (4) 

1.32 (4) 

1.00(4) 

0.35 (4) 

1.56 (8)* 

1.26(8) 

0.78 (8) 

(3.79 (4)* 
(1.93(4)0 
(1.25 (4)* 
(0.70 (4)0 
0.12 (39K) 

3.02 (4) 

2.11(4) 

0.97 (4) 

0.57 (4) 

0.26 (4) 

2.39 (4) 

1.70 (4) 

1.27 (4) 

1.00(4) 

0.36 (4) 

1.55 (8) 

1.26 (8) 

0.78(8) 

3.84 (4) 
1.71 (4) 
1.28 (4) 
0.65 (4) 
0.13(39K) 

(4.48 (2) 
(1.09(2) 
(3.80 (2)( 
(0.42 (2)5 
(1.59(2) 
(0.35 (2) 
(0.95 (2) 
(0.16(2) 
(0.46 (2)( 
(0.04 (2)5 

(3.64 (2) 
(1.06 (2) 
(2.32 (2)( 
(0.90 (2)5 
(1.91 (2) 
(0.60 (2) 
(1.43(2) 
(0.55 (2) 
(0.50 (2)( 
(0.16(2)5 

1.55 (8) 

1.26 (8) 

0.78 (8) 

4 ,5,7,8 
12,13,15,16 
2,9 
1, 10 

Counterion 

7, 10 
17,20 
(2,11 
( 1,12 

8,9 
18,19 
4,5 

14,15 
(2,11 
(1,12 

7, 10 
17,20 
(2,11 
(1,12 

8,9 
18,19 
4,5 

14, 15 
(2, 11 
(1,12 

2,13 
1, 14 
4,7,9,12 

16,19,21,24 
5,6,10, 11 

17, 18,22,23 

a Numbers of equivalent protons are given in parentheses. b These values agree with those reported previously. 
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Figure 1. ENDOR spectra of 2-" in DME and MTHF. 
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throughout. With the exception of the values published by 
us1 for l-~ in DME and THF, and one value estimated by 
Williams et al.2 for 4-~ in DME, all these data are not yet 
available in the literature. Whereas in the latter paper2 the 
spectra of 2-~ and 4-~ were presented with no analysis 
achieved, another author3 erroneously attributed the spec
trum of the radical anion of 1,4-dimethylnaphthalene,4 a 
cleavage product of an//-[2.2](l,4)naphthalenophane (2), 
to 2-~ itself. 

The proton coupling constants given in Table I allow ac
curate computer simulation of the complex ESR hyperfine 

K 16 16MHz 

Figure 2. ENDOR spectra of 3-- in DME and MTHF. 

structures. They have been derived from the positions of 
signals in the ENDOR spectra some of which are shown in 
Figures 1 and 2. Assignment is based on analogy with 
structurally related radical anions and is supported by the 
internal consistency of the data. In the case of !•" and the 
1,2,13,14-protons of 4-~, this assignment has also been con
firmed by ESR studies of deuterio derivatives.1'2 

The intriguing question concerning the four radical an-
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ions is the spin distribution between the two equivalent ir 
systems. Ample evidence now exists5 that such a distribu
tion is governed by the association of the radical anion with 
its positively charged counterion. In the case of I - - to 4-_ , 
the symmetry of an ion pair is reduced relative to that of the 
corresponding unassociated species, because the cation K+ 

resides in an external position below or above the plane of 
either -K system.5,6 Concomitantly, the spin population is 
shifted to that ir system which is proximate to the counter-
ion. Since the cation migrates between the two equivalent 
external positions, this effect will be averaged out when 
such a migration is rapid on the ESR time scale. Full sym
metry of the radical anion will then be apparent, along with 
a time-averaged spin distribution between the two 7r sys
tems. 

Inspection of the data in Table I reveals that, with DME 
as solvent, such an equal spin distribution is found in all 
four radical anions. Changing to THF leads to an accumu
lation of spin population on one benzene ring in J- -, but it 
has no appreciable influence on the uniform spin distribu
tion in 2-~, 3-~, and 4-~. A shift of spin population to one 
naphthalene ir system in 2-~ and 3-~ is effected only by the 
use of MTHF, whereas in 4-~~ even this Solvent fails to bring 
about a measurable deviation from an equal spin distribu
tion between the two anthracene 7r systems. Two factors 
thus determine the 7r-spin distribution in I - - to 4-~: (1) sol
vent, and (2) extension of the ir systems. This result illus
trates once more the relevance of the association between 

A very large number of compounds have proton affinities 
which fall between those of water and ammonia. This in
cludes organic oxygen compounds like alcohols, ethers, al
dehydes, ketones, and acids as well as unsaturated and aro
matic hydrocarbons. 

Many previous determinations of proton affinities for 
compounds in this region and particularly of oxygenated 
compounds exist. The principal methods1 used have been 
appearance potential measurements and the qualitative oc-
currence-nonoccurrence study of proton transfer reactions. 
The appearance potential method suffers from uncertainty 
regarding presence of excitation in the reaction products 

the radical anion and its counterion, since the two factors 
are known to affect the stability and lifetime of such an ion 
pair. The spin population exhibits more tendency to accu
mulate on one -K system when the association becomes 
stronger, i.e., with (1) the decreasing solvation of the cation 
in the order DME > THF > MTHF and (2) the increasing 
Tr-charge localization in the sequence 4-~ < 2-~ « 3-~ < 
J - . 
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and is therefore often not reliable. The occurrence-nonoc-
currence technique provides only proton affinity orders and 
thus requires a large number of standards, i.e., proton af
finities which have been determined by other methods. 
Since not many reliable standards exist, this often amounts 
to calibration to values obtained by appearance potentials. 

Not long ago the gas-phase ion equilibrium method3 was 
applied to the study of proton transfer equilibria (eq 1) in 
ion cyclotron trapped ion sources,4 high-pressure mass spec
trometers,5 and flowing afterglow 

BiH + - I -B 2 = B1-I-B2H+ (1) 
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