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located at 6160 A. in the Np(V) spectrum. Simple 
arguments based on crystal field effects do not 
appear adequate to interpret these observations. 

The changes observed in the original spectrum 
of Np(V) when cations other than chromic are 
added to the solution are in themselves considered 
as evidence for complex ion formation. The re
sults obtained with chromic ion provide additional 
evidence that such observations indicate the for
mation of a complex. 

If we assume that the values of t at 9800 A. 
(presented in Table II) are a measure of the 
amount of Np(V) that does not interact, these data 
allow us to order the given set of cations as to the 
relative strength of their interaction with the Np-
(V) ion. Such an ordering is presented in Table 
II where it is evident that Al(III) has the weakest 
and Fe(III) the strongest interaction. 

In addition to the observations presented in the 
experimental section no evidence was obtained for 
complex formation between Np(V) and either 
yttrium (3.0 M) or Ce(III), 2.0 M, in solutions of 
the perchlorate salts. This evidently precludes 
an attempt at a detailed correlation between 
relative bond strength and other properties char
acteristic of the trivalent cations such as crystal 
radii. However we can note that bond formation 
is observed when such radius is less than or equal 
to 0.81 A. and not observed when such radius is 
greater than or equal to 0.93 A. 

It is apparent that the electronic configuration 
of the trivalent cation is of importance in the 
formation of these complexes. This is most 
clearly demonstrated if we recall that the crystal 
radii of Ga(III) and Fe(III) are almost equal 
and note the ordering in Table II. Additional 
discussion of this point would not be fruitful since, 
as Jorgensen18 has pointed out, it is not readily 

Introduction 
It has been established in prior papers of this 

series2 that the influence of a substituent attached 
(J) Based in part on a portion of a dissertation submitted by Paul E. 

Rowe in fulfillment of a requirement for the Ph.D. degree, granted by 
Boston University in June 1959. 

(2) Cf., N. N. l ichtin and M. J. Vignale, J. Am. Chem. Soc, 79, 579 
(1957), and earlier papers. 

apparent what importance is to be attached to 
molecular orbital contributions in bonding of 
complexes. 

Studies of these complexes should provide in
formation which may be of assistance in delineat
ing properties of activated complexes for certain 
redox reactions. For example in the reduction 
of Np(V) by V(III)19 and Np(III)20 the relation
ship between crystal radii and complex formation 
is consistent with an inner sphere activated com
plex in the former and an outer sphere activated 
complex in the latter reaction. 

I t is of interest to note that Newton has ob
tained evidence for the existence of intermediates 
U(V)-Cr(III)21 and Pu(V)-Fe(III)22 during the 
course of kinetic studies. These intermediates 
are probably similar to the stable complexes pre
viously discussed between Np(V) and the M(III) 
ions and suggests that the (0 -M-O) + entity (and 
not detailed electronic configuration of the actinide 
atom) is the factor most important for the forma
tion of such species. 

In addition we may be able to use the Np(V) 
ion as a probe to increase our understanding of 
the properties in the first coordination sphere of 
selected cations. If the spectrum of the Np-
(V)-Cr(III) complex can be described by theory 
then comparison of the spectrum obtained with 
other trivalent cations might be used to obtain 
relative values for the effective electric field 
of these ions. 

(18) C. K. Jorgensen, Report Xth Solvay Council, Brussels, 1956. 
(19) E. H. Appelman and J. C. Sullivan, / . Phys. Chem., 66, 442 

(1962). 
(20) J. C. Hindman, J. C. Sullivan and D. Cohen, / . Am. Chem. 

Soc, 80, 1812 (1958). 
(21) T. W. Newton and F. B. Baker, Inorg. Chem., 1, 368 (1962). 
(22) T. W. Newton, private communication. 

to the aromatic ring on the stability of the tri-
arylcarbonium ion can be evaluated with consider
able precision from conductance data. This paper 
is concerned with the m- and p-neopentyl groups. 
Because of our inability to obtain pure crystalline 
mono-w-neopentyltriphenylchloromethane, it was 
necessary to evaluate the effect of m-neopentyl 
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Analysis of conductance data by Shedlovsky's method provides values of Kexp = (Ar3C+)(Cl -) /[(Ar3CCl) + (Ar 3 C + Cl - ) ] 
of 8.1 ± 0.5 X 1O -4 and 3.7 ± 0.3 X 1 0 - 4 mole I."1 and of A0 of 191.5 ± 1.3 and 182.4 ± 3.6 for mono-£-neopentyltri-

phenylchloromethane and di-m-neopentylphenylphenylchloromethane, respectively. From values of Ki = (Ar 3 C + Cl - ) / 
(Ar3CCl), calculated with the aid of Bjerrum's equation, AAF1, measuring the effect of one alkyl group on the work of ioniza
tion of trityl chloride, is found to be —1.54 and —0.49 kcal. mole - 1 for p- and m-neopentyl, respectively. Both values are 
essentially indistinguishable from the corresponding values for methyl. The data for these substituents and for m- and 
p-t-huty\ can be rationalized in terms of joint action of inductive effect and hyperconjugation. They appear to be less 
consistent with Schubert's "steric inhibition of solvation" model. 
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from the behavior of di-w-neopentylphenylphenyl-
chloromethane. 

Data.—The da ta of typical conductance experi
ments employing the internal dilution procedure3 

are presented in Table I. The values of /<"rx,>, 

TABLE I 

CONDUCTANCE DATA OF TWO TYPICAL EXPERIMENTS 

Mono-^-neopentyl trityl chloride Di-m-neopentyl trityl chloride 
V, 

1. mole ~i 

743 
1523 
3123 
6420 

13170 
27040 
55550 

A," m h o s 
cm. 2 mole - 1 

112.2 
131.7 
148.6 
162.2 
172.4 
179.4 
183.9 

V, 
1. mole _ 1 

1143 
2334 
4761 
9707 

19790 
40340 
82210 

Ao, a mhos 
cm. 2 mole - 1 

92.5 
115.1 
134.1 
149.2 
160.8 
169.4 
177.6 

" Corrected for conductivity of the solvent which fell in 
the range 3.5 X 10-8 to 15.2 X 10 -8 mhos cm.-1. 

representing the equilibrium between free ions 
and the sum of covalent molecules and ion pairs 
(equations 1, where quantities in parentheses are 
activities), and of Ao, the limiting equivalent con
ductance, calculated from the data of three ex
periments for each of the two solutes by means of 
Shedlovsky's procedure,4 are presented in Table 
II. Only data in the dilution range 2,000 to 50,000 

TABLE II 

CONSTANTS CALCULATED BY SHEDLOVSKY'S PROCEDURE4 

^exp.° hb{t, mhos 
Compound mole 1. - 1 X 10* cm.2 mole - 1 

Mono-£-neopentyltrityl chloride 8.1 ± 0 . 5 191.5 ± 1 . 3 
Di-jra-neopentyltrityl chloride 3 . 7 ± 0 . 3 182.4 ± 3.6 

" (Variances)1/! are for 95% confidence limits and were 
calculated from the variances in the slopes b and intercepts 
a of the linear Shedlovsky relationships via the equation, 
SK2 = (a/by [4 Sa

2 + (a/b)2 Sb2], where the S2 terms rep
resent variances; cf. O. L. Davies, "Statistical Methods in 
Research and Production," Oliver and Boyd, London, 
1949, p. 37. 6 (Variances)1/2 are for 95% confidence limits 
and were calculated from the variances in the intercepts of the 
linear Shedlovsky relationships. 

1. mole - 1 were employed in evaluating these 
constants. Shedlovsky's equation was solved by 
the method of least squares, taking 1/AS(Z) as 
the dependent variable. 

Ki _ i Ki 
Ar8CCl ~ ^ ± Ar3Cl+Cl- ^ Z t Ar3C+ + Cl" (1) 

R- - (Ar3C+)(Cl-) _ K1Kj 

(Ar3CCl) + (Ar3C+Cl-) ' ' 

Discussion 

Group effects, in the usual sense, influence only 
Kx. The magnitude of Ki, the dissociation con

es) N. N. Lichtin and P. D. Bartlett, /. Am. Chem. Soc., 73, 5530 
(1951). 

(4) T. Shedlovsky, J. Franklin Inst,, 225, 739 (1938). 

stant of an ion pair, the binding force in which is 
presumably purely electrostatic, is essentially 
dependent on the geometries of the paired ions. 
Conductance data do not permit the separate 
evaluation of Ki and Ki. I t has been shown,5-7 

however, that, for solutions in liquid sulfur di
oxide, the association behavior of a number of 
ionophores composed of spherical and tetrahedral 
ions adheres remarkably closely to Bjerrum's 
equation8 when the Bjerrum distance of closest 
approach is identified with the appropriate sum of 
crystallographic or van der Waals radii. Ion pair 
dissociation constants involving carbonium ions 
have been calculated2'9 with Bjerrum's equation, 
assigning Bjerrum distances of closest approach 
based on the assumption that a disk-shaped cation 
has an effective radius equal to its largest van der 
Waals radius about its center of gravity. Al
though this assumption has proved6 to be less ac
curate than the identification of the Bjerrum and 
crystallographic radii of small spherical ions, 
dissociation constants involving large ions vary 
sufficiently gradually with interionic distance that 
the constants can be approximated with sufficient 
precision. Thus, for methylpyridinium picrate, 
substitution of the sum of the radii of the two disk-
shaped ions defined as above (9.2 A.) into Bjer
rum's equation yields î Bjerrum = 3.5 X 1O-3 

mole I . - 1 at 0.175°. The corresponding value of 
Kexp based on conductance data is 2.9 X 1O-3 

mole l._1. I t can be assumed that, although K 
values calculated from Bjerrum's equation and 
ionic radii10 may be in error by twenty five per 
cent, or more, the errors are of the same sign and 
similar magnitude for a series of substituted tri-
phenyl carbonium chlorides. Because the Ki 
values are similar and much larger than Ke*P 
these errors have little influence on the relative 
magnitudes of Kx values calculated with their aid. 
Table III presents assumed cationic radii (chloride 
radius is taken as 1.8 A.) and values of Kx and Ki 
for the neopentyl substituted triphenylchloro-
methanes as well as the unsubstituted compound 
and methyl11 and £-butyl9 derivatives. Kx values 
and free energies of ionization for mono-substituted 
trityl chlorides relative to those for the parent com
pound, (Kx/KH)X and AAFi, respectively, are 
presented, including as a substituent m-neopentyl. 
In the latter case, it has been assumed that two 
substituents alter the free energy of ionization by 
twice the amount that one would, an assumption 
which appears to be supported by our earlier 

(5) N. N. Lichtin and H. P. Leftin, J. Phys. Chem., 60, 160 (1956). 
(6) N. N. Lichtin and P. Pappas, Trans. N. Y. Acad. Set., Ser. II, 

20, 143 (1957). 
(7) N. N. Lichtin and K. N. Rao, / . Phys. Chem., 64, 945 (1960). 
(8) N. Bjerrum, KgI. Danske Videnskab. Selskab. Malh.-fys. Medd. 

7, No. 9, 1 (1926). Cf., H. S. Harned and B. B. Owen, "The Physical 
Chemistry of Electrolytic Solutions," Reinhold Publ. Corp., New 
York, N. Y., 195S, p. 70. 

(9) N. N. Lichtin and H. P. Leftin, / . Phys. Chem., 60, 164 (1956). 
(10) X-Ray diffraction studies of triphenylcarbonium perchlorate 

have established that the three phenyl groups lie in planes rotated 32° 
in the same direction out of the plane defined by the central carbon 
atom and the three phenyl carbon atoms attached to it (private 
communication from K. Eriks. For a preliminary report see Abstracts 
of papers, Summer Meeting of the American Crystallographic Associa
tion, Cornell University, Ithaca, N. Y., July, 1959, p. 17). 

(11) N. N. Lichtin, E. S. Lewis, E. Price and R. R. Johnson, J. Am. 
Chem. .Soc, 81, 4520 (1959). 
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investigations involving p-t-butyl,* ^-phenyl9 and 
p-chloro2 as well as the behavior of related sys
tems,12 and the constants for the unavailable mono-
m-neopentyl compound have been calculated from 
the data for the disubstituted compound. 

TABLE I I I 

DISSOCIATION AND IONIZATION CONSTANTS OF m- AND p-

ALKYL DERIVATIVES OF TRIPHENYLCHLOROMETHANE AT 0° 

(K x / 
K1, KH) i 

mole for one -AAFi 
r+ , I . " ' Ki sub- kcal. 

Substituents A. X 10» X 10J stituent mole"1 

is 0.93, 0.75 and 0.93 for methyl, /-butyl and 
neopentyl, respectively, while / , the inductive 

None* 
Mono-m-methyl" 
Mono-m-i-butyl6 

Di-ttz-neopentyl 
Mono-^-methyf 
Mono-p-i-butyl' 

6.5 
6.6 
8.1 
9.2 
7.4 

.3 

2.88 
2.92 
3.78 
4.50 
3.36 
3.90 

1.46 
3.37 
4.79 
8.86 

23.4 
22. 

(1.00) 
2.31 
3.28 
2.4O* 

16.0 
15.4 

(0.00) 
.45 
.65 
.49e 

1.51 
1.49 ivionu-^-f-Dutyi a.o o.yu z^.o ±o."± i .^y 

Mono-£-neopentyl 8.6 4.09 24.7 16.9 1.54 

" Taken from ref. 2. b Taken from ref. 9. " Ke„p taken 
from ref. 11 and r+ from ref. 2. d (8.86/1.46VA; cf., text 
for explanation. e For one w-neopentyl group. 

In recent years, interpretation of the effects of 
alkyl groups bound to the benzene ring on chemical 
reactions in the ring or in side chains and on physi
cal properties has received a great deal of atten
tion. That this large effort has not yet produced 
wide areas of agreement is well illustrated by the 
divergent views presented at the Bloomington 
Conference on hyperconjugation.13 Quite obvi
ously, the few new data presented here cannot 
provide the basis for any definitive conclusion. 
I t is, however, of interest to consider the relation
ship of the data to some current concepts. 

The effects of m and ^-methyl and /-butyl 
groups on the ionization of trityl chloride were 
originally rationalized3 in terms of the inductive 
effect, the principal effect acting from the m-
position, and hyperconjugation, assumed to be 
responsible for the major part of the influence 
of ^-substituents. Bartlett14 subsequently elabo
rated this analysis somewhat and quantitatively 
estimated the relative effectiveness of C-H and 
C-C hyperconjugation in this system. More 
recently, Mulliken15 has emphasized that the quan
tum mechanical theory of hyperconjugation in
cludes 7r-delocalization from both C-H and C-C 
bonds. The present results are consistent with 
this approach and indicate that neopentyl has an 
inductive effect similar to that of methyl and 
significantly smaller than that of /-butyl, while 
its hyperconjugation effect is indistinguishable 
from that of methyl but greater than that of /-
butyl. This conclusion can be stated quantita
tively in terms of a treatment by Taft and Lewis16 

which is based on the same viewpoint. Thus, 
with the aid of equations 2 and 3, where a is taken 
as 0.1, it is found that R, the resonance constant, 

(12) H. H. Jaffe, Chem. Revs., 53, 191 (1953). 
(13) Tetrahedron, B, 105 (1959). 
(14) P. D. Bartlett, J. Chem. Ed., 30, 22 (1953). 
(15) R. S. Mulliken, Tetrahedron, 6, 253 (1959). 
(16) R. W. Taft, Jr., and I. C. Lewis, ibid., 5, 217 (1939). 

R = - log kv/k" 

I = 
1 -

[log km/k0 — a log kv/h] 

(2) 

(3) 

constant, is 0.27, 0.44 and 0.30 for the substituents 
in the same order. One is tempted to speculate 
about the reason for identical values of R for neo
pentyl and methyl but such speculation is very 
likely not justified by the precision of the Kexp 
values and the several assumptions involved in 
calculating K} and R. 

The sensitivity of the relative magnitudes of 
alkyl effects to the nature of the chemical or 
physical process under investigation, and even to 
changes in solvent or temperature is well estab
lished.17 Comparison with the data of Shiner 
and Verbanic17* concerning solvolysis of alkyl-
benzhydryl chlorides establishes that the neo
pentyl group is no exception to this phenomenon. 
Analysis of alkyl group influences in terms of in
ductive effects and C-H and C-C hyperconjuga
tion must be performed with the assumption that 
the relative proportions and intensities of these 
interactions depend in a complicated way on the 
total system. 

Other concepts have been offered as alterna
tives to hyperconjugation.171^18 Among these, the 
views of Schubert can be applied to the present 
data. Schubert assumes that bulky alkyl groups 
interfere with solvation and that this effect is 
superimposed upon their intrinsic electron releasing 
capacity which is regarded as increasing in the 
"inductive order." Solvent-solute interactions are 
presumed to be most intense at the o- and p-
positions of the carbonium ion (or carbonium ion
like activated complex) so that bulky groups at 
these positions should be most effective in counter
ing electron release. The data of Table III for 
/-butyl and methyl substituted trityl chlorides are 
consistent with this analysis, if one assumes that 
the fact that ^-alkyl groups have larger effects 
than w-alkyl groups is a consequence of more 
intense local polarization of the former. The fact 
that neopentyl and methyl have very nearly 
the same effect in both the m- and ^-positions is 
not readily explained in these terms. It is con
ceivable that /-butyl interferes with solvation 
more extensively than does neopentyl—as must be 
assumed to account for the results—but it is not 
plausible that methyl and neopentyl interfere 
equally. In the absence of precise information on 
the entropies and enthalpies of ionization, however, 
a thorough comparison of the effects of alkyl groups 
on the ionization of trityl chloride with Schubert's 
ideas cannot be made. 
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(17) (a) V. J. Shiner, Jr., and C. J. Verbanic, J. Am. Chem. Soc., 79, 
369 (1957). (b) W. M. Schubert, J. Robins and J. L. Haun, ibid., 79, 
911 (1957). (c) W. M. Schubert and J. Robins, ibid., 80, 559 (1958). 
(d) W. M. Schubert and R. G. Minton, ibid., 82, 6188 (1960). 

(18) (a) A. Buraway and E. Spinner, J. Chem. Soc, 2085 (1955). 
(b) M. J. S. Dewar and H. N. Schmeising, Tetrahedron, «, 166 (1959). 
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Experimental 
Conductance Measurements.—Procedures, solvent and 

equipment were essentially the same as those which have 
been described2'5'19 previously. The conductance cell, im
proved by exclusion of mercury wells and in other minor 
ways, is described elsewhere.20 The temperature of the oil 
thermostat was controlled at 0.00 ± 0.02. 

Mono-/)- neopentyltriphenylchloromethane.—p - Bromopi-
valophenone was prepared by the method of Pearson21 in 54% 
yield from pivalonitrile and the mono-Grignard reagent 
derived from £-dibromobenzene, b .p . 108-111° at 3 mm. 
K24D 1.5440, m.p.2 2 of hydrazone, recrvstallized twice from 
ethanol, 139.2-141.0°. Reduction by"the Huang-Minion23 

modification of the Wolff-Kishner reaction yielded p-bro-
moneopentvlbenzene, tvpicallv in 57% vield, b .p . 96-98° at 
3 mm. «25D 1.5240. Anal. Calcd. for C11H15Br: C, 58.1; 
H, 6.7; Br, 35.2. Found21: C, 58.1; H, 6.7; Br, 35.2. 
Debromination by acid hydrolysis of the Grignard reagent 
yielded neopentylbenzene, b .p . 184° at 1 atm. , K25D 1.4850, 
m.p. of the mono-acetylamino derivative, prepared as de
scribed below, 162.5-164°. Neopentylbenzene prepared by 
the method of Bvgden25'26 bv Grignard coupling of benzyl 
and ?-butyl chlorides boiled a t 182-184°, had M25D 1.4855 
and gave a mono-acetylamino derivative melting at 163-
164°, undepressed by admixture of the acetylaminoneo-
pentylbenzene derived from p-bromoneopentylbenzene. 
Attempts to convert the latter compound to p-bromobenzoic 
acid by refluxing for 100 hr. with aq. alkaline KMnOj or for 
140 hr. with aq. acid Xa2Cr3O? were unsuccessful. 

Mono-/>-neopentyltriphenyl carbinol was prepared by 
reacting ^-neopentylphenyl Grignard reagent (prepared from 
Dow "super pu re " sublimed magnesium) with benzophe-
none in anhydrous ether under an atmosphere of dry nitrogen. 
After a 2 hr. reflux period, the mixture was worked up in the 
conventional way. The residue remaining after removal of 
volatiles by steam distillation was subjected to a lengthy 
fractional crystallization process27 which provided a 15% 
vield of white crvstalline product, m.p. 99-100°. Anal. 
Calcd. for C24H26O: C, 87.2; H, 7.9. Found21: C, 87.0; 
H, 7.9. 

Conversion of the carbinol into the chloride was effected bv 
refluxing 1.30 g. (0.0039 mole) with 2.5 ml. (0.035 mole) of 
freshly distilled acetyl chloride in 5 ml. of 1:1 ether-petro
leum ether for 2 hr. and refrigerating over night. Recrys-
tallization from 30 ml. of 4 :1 ether-petroleum ether and 
drying in an Abderhalden apparatus at 56° and 1O - 3 mm. 
provided 0.52 g. (0.0015 mole, 38%) of chloride, m.p . 129.5-
130°. Anal. Calcd. for C24H25Cl: hydrolyzable Cl, 10.16. 
Found11: Cl, 10.08. 

Other £-neopentylphenyl derivatives isolated and char
acterized in this work are described elsewhere.27 These 
include mono-£-neopentyltriphenylmethyl ether, 4,4 '-
dineopentylbiphenyl, di-£-neopentyltriphenyl carbinol28 and 
tri-£-neopentyltriphenyl carbinol.29 

Di-m-neopentylphenylphenylchloromethane.—The prep
aration of this compound and of other TO-neopentyl com
pounds was based on m-bromoneopentyl-benzene which was 
obtained by deaminating the appropriate bromoneopentyl-
anilines which were, in turn, synthesized in a fashion analo
gous to the preparation of 3-bromo-4-aminotoluene.s0 

(19) N. N. Lichtin and H. Glazer, / . Am. Chem. Soc, 73, 5587 
(1951). 

(20) P. Pappas, "Dissociation of Spherical and Disk-Shaped Ions in 
Sulfur Dioxide," Ph.D. dissertation, Boston Univeisity, 1960, pp. 11 
and 16. 

(21) D. E. Pearson, / . Am. Chem. Soc, 72, 4169 (1950). 
(22) All melting points were obtained with Anschutz type ther

mometers, unless otherwise indicated. 
(23) Huang-Minion, J. Am. Chem. Soc, 68, 2487 (1946). 
(24) Analyses by Dr. Carol H. Fitz, Needham Heights, Mass. 
(25) A. Bygden, Ber., 45, 3479 (1912). 
(26) E. Berliner and P. Berliner, J. Am. Chem. Soc, 71, 1196 (1949), 

report M25D 1.4850 for neopentylbenzene prepared by Bygden's method 
and carefully freed of small amounts of ^-/-butyltoluene, m.p. of mono-
acetylamino derivative, 164.5-165.5°. 

(27) Cf., P. E. Rowe, "Synthesis of Neopentyl Derivatives of Tri-
phenyl Carbinol and the Kinetics of Bamberger's Reaction," doctoral 
dissertation, Boston Univeisity, 1959, pp. 48-50, for details. 

(28) Cf., ibid., pp. 51-53. 
(29) Cf., ibid., pp. 53-54. 
(30) H. Gilman and A. H. Blatt, "Organic Syntheses," Coll. Vol, I, 

John Wil«y and Sons, Inc., New York, X, Y., 194], D. 111. 

Three hundred twenty five gram portions of neopentyl
benzene (2.2 moles), prepared by Bygden's method,26 were 
nitrated by adding a mixture of 222 cc. of coned, nitric acid 
and 265 cc. of coned, sulfuric acid drop wise with mechanical 
stirring at such a rate that the mixture remained at 50-60°. 
Stirring was continued a t 70° for ten minutes after complete 
addition and then at room temp. overnight and the product 
was worked up in the usual manner. I t is not necessary to 
separate isomeric neopentylnitrobenzenes in order to pre
pare m-bromoneopentylbenzene and, in most experiments, 
no separation was effected. For purposes of characterizing 
previously unreported intermediates, the isomers were sepa
rated in one experiment and carried through subsequent steps 
independently, as described below. The same reactions were 
carried out similarly with the mixed isomers. Rectification 
of the nitration product on a three foot glass helix-packed 
column at 3 mm. yielded 105 g. (0.55 mole) boiling at 106-
111°, M24D 1.5157, assumed to be o-neopenty!nitrobenzene, 
14 g. (0.07 mole) boiling at 111-118° and 253g. (1.31 mole) 
boiling at 118-124°, »2 4D 1.5223, assumed to be ^-neopentyl-
nitrobenzene,31 a total of 1.93 mole or 8 8 % . Approximately 
50 g. batches of neopentylnitrobenzene in 100 cc. of 9 5 % 
ethanol were hydrogenated at 3 a tm. in the presence of 1 g. of 
freshly prepared Raney nickel. Products were isolated in ap
proximately 85% yield after vacuum rectification. The prod
uct presumed to be o-neopentylaniline boiled at 91-93° at 3 
mm., n21D 1.5391. The presumed para compound solidified 
at room temperature. A solution in CS2 of presumed o-
neopentylaniline absorbed strongly at 735-770 c m . - 1 with 
^m..x at 750 cm. - 1 . A solution of presumed ^-neopentyl-
aniline absorbed strongly at 810-850 cm. - 1 , with Amsx at 
850 c m . - 1 and weakly at 755-760 cm. - 1 . These spectra are 
consistent32 with the assigned structures. Acetylation of 
this product on a half mole scale with acetic anhydride and 
sodium acetate in aqueous hydrochloric acid, followed by 
crystallization from 95 percent ethanol, provided a 75% 
yield of presumed p-neopentylacetanilide, white flakes, m.p. 
165-165.50.26 Anal. Calcd. for Ci3H19NO: C, 76.1; H, 
9.3; N , 6.8. Found33: C, 76.0; H, 9.3; N, 6.8. A waste
ful fractional crystallization from aqueous ethanol of the 
product of acetylation of presumed o-neopentylaniline pro
vided a 38% yield of presumed o-neopentylacetanilide, white 
needles, m.p . 121-123°. Anal. Found33: C, 76.0; H, 
9.2; N , 6.9. Treatment of the neopentylacetanilides in 
glacial acetic acid at room temp, with somewhat less than 
one mole of bromine in the presence of iron powder afforded 
yields of bromo derivatives in the vicinity of 90%. Pre
sumed 2-bromo-4-neopentylacetanilide, recrystallized from 
benzene, white flakes, melted a t 122-124°. Deacetylation 
was effected by transesterification with ethanolic HCl and, 
from 2-bromo-4-neopentylacetanilide, yielded white needles 
melting a t 54-55°, presumably 2-bromo-4-neopentylaniline. 
Deamination of the individual or mixed bromoneopentyl-
anilines was effected by reduction of the diazonium ions 
with hypophosphorous acid. A solution of 73 g. (0.30 mole) 
of bromoneopentylanilines in 700 cc. of glacial acetic acid 
containing 40 cc. of coned, sulfuric acid was added at 0-5° 
to a solution of 10 g. (0.145 mole) of XaXO2 in 100 cc. 
of water and 400 cc. (3.8 moles) of 50% hypophosphorous 
acid. After one hour at 0° , a solution of 30 g. (0.435 mole) 
of XaNO2 in 100 cc. of water was added slowly. The reac
tion mixture was then left at room temperature overnight 
before being worked up . Vacuum distillation yielded 39.5 g. 
(57%) of crude m-bromoneopentylbenzene, b .p . 78-82° at 2 
mm. The product was purified by passage, in ligroin solu
tion, through an alumina column followed by vacuum recti
fication. The fraction boiling at 80-81° at 2 mm., K22D 
1.5232, was employed in preparation of carbinols. A solid-
byproduct isolated from the first distillation is assumed to be 
3,5-dibromoneopentvl benzene, b .p . 123-125 at 3 mm., 
m.p . 43-44.5°. 

Di-w-neopentylphenylphenyl carbinol was prepared by 
reacting m-neopentylphenyl Grignard reagent (prepared 
from Dow "super pu re " sublimed magnesium) with ethyl 
benzoate in anhydrous ether under a nitrogen atmosphere. 
The mixture was refluxed for two hours after addition of the 

(31) W. M. Schubert and J. Robins, J. Am. Chem. Soc, 80, 560 
(1958), report a m.p. of 29° for a more highly purified sample of /)-
neopentylnitrobenzene. 

(32) C. W. Young, R. B. Duval and N. Wright, Anal. Chem., 23, 70'J 
(1951). 

(33) Analysis by K. Ritter, Basel, Switzerland. 
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ester was complete. AU attempts to obtain pure crystals 
from the yellow glass remaining after working up the mixture 
and steam distilling failed. Nine tenths of a gram (0.0023 
mole) of the glass was refluxed for 90 min. with 8 cc. of acetyl 
chloride in 20 cc. of anhydrous thiophene-free benzene. 
The product was treated with decolorizing carbon, filtered, 
evaporated almost to dryness, crystallized from anhydrous 
petroleum ether and dried under vacuum at 54°, yielding 
white crystals meltmg at 93.5-95°. Anal. Calcd. for C2<r 
H 3 C l : C, S:U; H, 8.4; Cl, 8.47. Found" : C, 82.7; H, 

Within the past year and a half, an electron 
capture cell has been developed by Lovelock 
primarily for use as a sensitive detector in gas 
chromatography.1 The detection of a compound 
is based upon its ability to capture thermal elec
trons. The relative magnitude of capture of an 
electron has been expressed in terms of the electron 
absorption or capture coefficient. The electron 
absorption coefficients of numerous compounds 
have been measured by this technique.2 '3 Up to 
this time, the functional relationship of this pa
rameter with other fundamental physical properties 
of molecules has not been elucidated. The purpose 
of this paper is to discuss a relationship between 
the electron absorption coefficient and the electron 
affinity of a molecule. The electron affinity is 
denned here in the usual rigorous way as the 
energy associated with the process when a gaseous 
molecule captures an electron to produce a gaseous 
ion. Previous references to electron capture 
detectors employing the terminology electron 
affinity1 - 3 have been made relative to the func
tional nature of the process and not relative to the 
energy involved in the process. 

In general, it has been assumed t ha t a molecule 
can capture an electron by either of two processes: 
(1) a nondissociative process whereby a gaseous 
negative ion of the molecule is formed, or (2) a 
dissociative process in which a portion of the 
molecule forms an independent gaseous ion and the 
remainder of the molecule exists at least temporarily 
as a radical in the gaseous state. The discussion 
in this paper will be restricted to the former process. 

(1) J. E. Lovelock, Nature, 189, 729 (1961). 
(2) J. E. Lovelock and N. L. Gregory, "Proceedings International 

Gas Chromatography Symposium," Lansing, Michigan, June 1961, 
Academic Press, Inc., New York, N. Y., p. 151. 

(3) J. E. Lovelock, A. Zlatskis and R. S. Becker, Nature, 193, 540 
(1962), 

8.6; Cl, 9.2. This product was passed through charcoal in 
anhydrous petroleum ether, recrystallized from this solvent 
and dried at 1 0 - 3 mm. and 56° to give white crystals melting 
at 95.5-96.0° (uncorr.). Anal. Found11: hydrolyzable chlo
ride, 8.65. 

Crystalline mono-m-neopentyltriphenyl carbinol, m.p . 
53-56°, was obtained with great difficulty34 but attempts to 
convert it to crystalline chloride were not successful. 

CU) Ci'., ref. 27, pp. ".7-Ii(I. 

Heretofore, there has been no accurate and defin
itive method for the measurement of the electron 
affinity of complex molecules. The best estimate 
of this parameter has been accomplished by 
measurement of the polarographic half wave re
duction potential. For example see Matsen4 and 
references therein. However, as Matsen has 
pointed out,6 in order to obtain the true electron 
affinity of the molecule from the half wave reduc
tion potential, it is necessary to evaluate the dif
ference in energy of solution of the neutral mole
cule and the negatively charged molecular ion. 
Unfortunately, it is difficult to evaluate this dif
ference in energy of solution. For this reason, it is 
advantageous to work in the gaseous phase where 
this complication does not exist. 

For the experimental details of the technique 
for measuring electron absorption coefficients, the 
original references should be consulted.1 2 Our 
interpretation of the capturing process of an elec
tron by a molecule is based on the establishment 
of an equilibrium between the neutral gaseous 
molecules, the free thermal electrons, and the 
gaseous negative ions of the molecule 

AB + e~ = A B - (1) 

where AB represents the neutral molecule. The 
corresponding ideal gas equilibrium expression 
would be 

K = [AB-] /[ABHe-] (2) 

If the electron absorption coefficient is relatively 
small, the initial concentration of neutral mole
cules a will not be significantly diminished through 

(4) F. A. Matsen, in "Proceedings of 1957 Conference on Carbon," 
Pergamon Press, New York, N. Y., 1957, pp. 21-26. 

(5) F. A. Matsen, / . Cham. Phys., 24, 602 (1955). 
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One of the principal aims of this investigation is to establish the fundamental nature of the electron capture by molecules 
occurring in a detector used in gas chromatography. The interpretation is developed in terms of an equilibrium between the 
neutral molecules and the electrons. The relationship between the electron capture coefficients and the electron affinities 
of molecules is presented. The results for a series of aromatic hydrocarbons are compared to the half wave reduction 
potentials. If certain assumptions are made concerning the ratio of the partition functions of the gaseous negative ion of 
the molecule to the neutral gaseous molecule, the electron affinity of the molecule can be estimated. This has been carried 
out for anthracene and other aromatic hydrocarbons, and the results compare favorably with recent theoretically calculated 
values. 


