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tions outlined will be discussed in a subsequent 
communication. 
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THE REACTION OF TRIPHENYLMETHYL WITH 
NITROBENZENE 

Sir: 
I t has been rather generally accepted1 '2 '3 t ha t 

aromatic nitro compounds are activated, relative 
to their unsubsti tuted analogs, toward at tack by 
free radicals leading to aromatic substitution. Re
cent evidence concerning the inhibition of the per
oxide induced polymerization of allyl acetate4 by 
nitro compounds was taken to indicate tha t some 
other mode of reaction must be available to the 
growing chain radicals. A sequence of reactions 
involving at tack on the nitro function was sug
gested as a likely alternative to nuclear substitution. 
We have undertaken a s tudy of the reaction of tri-
phenylmethyl with nitrobenzene in benzene solu
tion and find t ha t this radical and others which may 
be formed in the course of the reaction react only by 
abstracting oxygen from the nitro function. 

When one mole equivalent of nitrobenzene is 
added to a benzene solution of triphenylmethyl, the 
solution immediately develops a red color. If 
such a solution is allowed to stand exposed to dif
fuse daylight for 24 hours, nearly a quant i ta t ive 
yield of triphenylcarbinol precipitates. The su
pernatant liquid is fractionated by adsorption on a 
a 5:1 Magnesol-Celite mixture followed by elution 
with mixtures of Skellysolve B, benzene and acetone 
or ethanol. Products isolated and characterized 
are unreacted nitrobenzene, azobenzene, azoxyben-
zene, nitrosobenzene, biphenyl and ^-terphenyl. 
The nitrogen balance is quant i ta t ive bu t oxygen 
and hydrogen have not been entirely accounted for. 
Phenol is detected as its tr ibromo derivative in alka
line extracts of the original solutions. When the 
reaction is carried out in the dark a slower reaction 
produces a quant i ta t ive yield of ditriphenylmethyl 
peroxide and the same nitrobenzene reduction 
products. There is no evidence for a t tack on 
solvent in the dark reaction. Nitrosobenzene, 
which is found only in small amounts, reacts rap
idly with triphenylmethyl, in separate experiments, 
to produce azobenzene and a trace of azoxybenzene 
(substantial amounts are produced from nitroben
zene) along with triphenylcarbinol, biphenyl and 
terphenyl. Azoxybenzene does not react to any 
appreciable extent in 72 hours. 

I t is not our intention to consider the mechanisms 
of these transformations in detail a t this t ime since 
further s tudy is in progress. However, certain im
por tant conclusions are apparent. I t is clear tha t 
a t least one radical, tr iphenylmethyl, is capable of 
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effecting the reduction of nitrobenzene without 
bringing about nuclear substi tution. The presence 
of phenol along with biphenyl and terphenyl sug
gests strongly t h a t phenyl radicals are also produced 
and t h a t they, too, abstract oxygen ra ther t han at
tacking the nucleus of the nitro compounds. This 
is an entirely unexpected result in the light of pre
vious work which indicates t ha t phenyl radicals 
produced in the thermal decomposition of benzene-
diazoacetate6 and benzoyl peroxide6 a t tack nitro
benzene to give ^-nitrobiphenyl. This difference in 
behavior may be taken to indicate t ha t pairs of 
radicals produced in unimolecular decompositions 
are capable of making a concerted at tack on solvent 
molecules in the short t ime interval in which they 
are held in the same cavity in the solution. A simi
lar discrepency involving the fate of benzoate radi
cals7 produced in different reactions has recently 
been observed. 
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RADIATION CHEMISTRY OF FERROUS SULFATE 
SOLUTIONS 

Sir: 
Emphasis has been placed recently on R, t he 

yield ratio, Fe + ^ jVFe + J + +, obtained by X-ray or 
7-ray irradiation of dilute aqueous solutions of fer
rous sulfate in the presence and absence of air.1 '2 

These values vary from 2.55 to 4.0, as is shown in 
Table I.1'2'3'4 The present communication demon
strates t ha t theoretical values less than 4.0 are pos
sible on the basis of the accepted ferrous sulfate 
oxidation mechanism. 

According to present concepts reaction (1) occurs 
on the passage of ionizing particles through water. 
Reaction (2) also proceeds through free radical in
termediates and occurs where the rate of energy loss 
is high and results from pairwise recombination of 
hydrogen atoms and hydroxyl radicals in zones of 
high free radical concentration. The mechanism 
for ferrous sulfate oxidation is: 

H2O = H + OH (1) 
H2O = 'AH2 + V2H2O2 (2) 

H + O2 = HO2 (3) 
Fe + + + OH = Fe + + + 4- OH" (4) 

Fe + + + HO-. = Fe + + + 4- HO2- (5) 
HO2" + H + = H2O2 (6) 

Fe + + + H2O2 = Fe + + + + OH + OH" (7) 
H + H = H2 (8) 

In the absence of air the oxidation follows reac
tions (1), (2), (4), (7) and (8) and in the presence of 

(1) N. Miller, J. Chem. Phys., 18, 79 (1950). 
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(4) N. A. Shishacow, Phil. Mag., 14, 198 (1932). 



1892 COMMUNICATIONS TO THE EDITOR Vol. 78 

(R) 

2.55 
2.59 
4.0 
2.7 
2.86 
2.59 

Fraction of 
Radicals Formed in 
Reaction Reaction: 

(D (2) 
0.52 
0.53 
1.00 
0.57 
0.62 
0.53 

0.48 
.47 
.00 
.43 
.38 
.47 

oxygen reactions (1), (2), (3), (4), (5), (6) and (7) 
are followed. Therefore reaction (1) leads to the 
oxidation of four ferrous ions in the presence of oxy
gen and one ferrous ion in the absence of oxygen, 
whereas but one ferrous ion is oxidized per water 
molecule dissociated in reaction (2) whether oxygen 
is present or not. Let X equal fraction of total wa
ter molecules dissociated in (1) and 1 — X the 
fraction in (2) and we have for R: R = 3X + 1. 

The fraction of radicals formed in the experi
ments of former investigators is compared in Table 
I with those of the present work using Co60 7-rays 
and tritium /3-rays. 

TABLE I 

EFFECT OF T Y P E OF IONIZING RADIATION ON F R E B RADICAL 

FORMATION IN THB OXIDATION OF FBRROUS SULFATE IN 0.8 N 

SULFURIC ACID 

Radiation 

Fricke, et al.$ X-Rays 

Shishacow4 X-Rays 

Krenz and Dewhurst2 7-Rays 

Miller6 7-Rays 

Present work 7-Rays 

Present work 0-Rays 

It is significant that the fractions of radicals 
formed in reaction (1) in the Fricke and Shishacow 
X-ray work and the present tritium /3-ray work are 
similar and less than the fraction of radicals ob
tained for 7-rays. This is the expected trend, since 
the 5690 ev. electron from tritium disintegration has 
but one per cent, the energy of the recoil electron 
from the Co60 7-ray interaction with water. Spe
cial mention must be made of the ratio 4.0 reported 
by Krenz and Dewhurst, who attributed lower val
ues to traces of oxygen in evacuated samples. Here 
exhaustive means were taken to insure the removal 
of oxygen but it is possible, as was indicated by our 
work and as suggested by Miller,5 that impurities 
suppressing the air-free reaction were introduced by 
their high vacuum method. 

The present work was carried out on 0.5 mN 
ferrous sulfate in 0.8 N sulfuric acid using an evacu
ation technique6 capable of reducing the oxygen 
content of dilute aqueous formic acid solutions to 
less than 1O -6M. The 7-ray dose-rate was 18000 r 
per hour and the tritium water activity was 0.157 
curies per ml. Since R is very sensitive to methods 
of preparation and treatment of the ferrous sulfate 
solutions, the 7-ray irradiation was carried out on 
the tritium solution of ferrous sulfate and a correc
tion for the tritium-induced oxidation made. 

With 12.46 years half-life and average /3-energy 
of 5690 ev.7 for tritium, these experiments show that 
one radial pair in water requires 17.9 ev. in the ab
sence of oxygen and 17.6 ev. in the presence of oxy
gen. These values are lower than the 32.5 ev. gen
erally assumed for ion-pair formation in gases. 
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ON THE STRUCTURE OF ELEMENTARY BORON1 

Sir: 
We have found an approximate structure for one 

modification of elementary boron from a study of 
the needle-like single crystals prepared earlier in 
this Laboratory.2 Complete (CuKa) Weissenberg 
photographic X-ray data together with the den
sity,2 2.31 g./cc, establish a tetragonal unit with 
a = 8.73 =±= 0.02, c = 5.03 ± 0.02 A., containing 
fifty atoms. The observed symmetry and glide 
plane vanishings are characteristic of D\l~P4/mnm, 
Ctt-P4nm, and D\d-P4n2, but the absence of peaks 
in the Patterson section P(OOZ) virtually elimi
nates D\\. In terms of D\d the "ideal" structure 
uses the positions 2(b): 00 1A; 1A 1A 0 and 8(i) 
with the parameters: 

I 0.328 0.095 0.395 IV 

II .095 .328 .395 V 

I I I .223 .078 .105 VI 

0.078 0.223 0.105 

.127 .127 .395 

.250 .250 - . 0 7 8 

The same arrangement with a different grouping of 
equivalent atoms is obtainable from C\v (but not 
from D\£). The forty-eight atoms in general posi
tions are arranged at the vertices of four nearly reg
ular icosahedra centered at 1A 1A 1A; 3A 3A 1A; 
1A 3A 3A; 3A 1A 3A- These icosahedra are linked 
together so that every boron atom of a group forms 
six bonds directed toward the corners of a pentago
nal pyramid. The two atoms in 2(b) form only 
four tetrahedrally directed bonds, but are needed to 
complete in detail the three-dimensional network. 

This structure accounts remarkably well for 
numerous Patterson sections. A Fourier synthesis 
of (hkO) amplitudes, h + k even, nearly reproduces 
the ideal structure in projection on (001). The 
phases of the few weakly observable (hkO) reflec
tions with h + k odd differ for C\v and Dld, but no 
basis for a choice is as yet apparent. A second 
Fourier projection along [110], assumed centro-
symmetric on the basis of D\d, also shows the struc
ture to be approximately correct. This projection, 
however, could be interpreted as an approximation 
to the real part of a complex synthesis based on 
Cl„, the imaginary contribution being small. To 
resolve the space-group ambiguity and to improve 
the quality and range of the data we plan to meas
ure intensities on our spectrometer with MoKa ra
diation. We have begun also a study of the more 
complex plate-like crystals obtained in the earlier 
study.2 I t seems probable that this modification, 
with a unit volume about four times that of the te
tragonal form, is present in the usual microcrystal-
line preparations. 

The average bond distance in tetragonal boron 
appears to lie in the range 1.75-1.80 A., somewhat 
smaller than Godfrey and Warren's 1.89 A. (ob
tained from a Fourier integral analysis of powder 
data3), but agreeing with the data for boron car-
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