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The isomeric nitrophenols have been quantitatively determined by gas-liquid partition chromatography in 
irradiated solutions of dilute aqueous nitrobenzene. The relative rates of hydroxylation for CsHSNO2 and 
CsD,N02 have been found to be identical and therefore the initial step of hydroxylation is the addition of - O H  
to the aromatic ring The G values obtained for nitrophenols suggest preferential dimer formation. If the sol- 
vated electrons are not completely scavenged additional nitrophenols are produced by a complicated set of reac- 
tions involving the nitro-substituted hydroxycyclohexadienyl radical, the dimers, and their subsequent products. 
The mechanisms for these processes are discussed. 

Aromatic compounds are easily and often selectively 
hydroxylated in nature by enzymes2 whereas hydrox- 
ylation by chemical reagents is difficult and the mech- 
anisms are complex. Radiation-induced hydroxyla- 
tion offers a somewhat simpler system since, in this 
case, the generation of hydroxyl radicals in situ avoids 
the necessity of adding an additional reagent to the 
system. The hydroxyl radical together with the sol- 
vated electron, hydrogen atom, hydrogen molecule, 
and hydrogen peroxide are the chemical species pri- 
marily formed by y irradiation of water.*v6 We have 
undertaken a systematic investigation of the radiation 
induced hydroxylation of monosubstituted aromatic 
compounds in dilute aqueous solutions. Our primary 
concern was to obtain meaningful data for isomeric 
distributions and partial rate factors, and to compare 
chemical and radiation-induced hydroxylations. We 
examined initially the effect of irradiation by y rays 
on nitrobenzene in dilute aqueous solutions. In  the 
course of our work it became apparent that the radia- 
tion chemistry of this system is somewhat more com- 
plicated than we anticipated. For this reason we are 
reporting the hydroxylation of nitrobenzene separately. 

Experimental Section 
Two separate cobalt-60 7-irradiation facilities were used. 

The absorbed dose rates were determined to be 20.8 X lo2 and 
3.45 x 102 rads min-1 by the Fricke dosimeter taking G(Fea+) = 
15.5.8 

For the irradiation of air-saturated solution redistilled reagent 
grade nitrobenzene was dissolved in triply distilled water by 
vigorous shaking and its concentration was determined spectro- 
photometrically a t  269 m ~ . ?  The pH of the triply distilled water 

(I)  Supported in part by t.he U. S. Atomic Energy Commission. 
(2) R. 0. C. Norman and J .  R. L. Smith, “Oxidases and Related Systems,” 

T. E. King, H. S. Mason, and M. Morrison, Ed., John Wiley and Sons. Inc., 
New York, N.  Y., 1965, p 131. 
(3) (a) J. R. L. Smith and R. 0. C. Norman, J. Chem. SOC.. 2897 (1963): 

(b) R. 0. C .  Norman and G .  K. Radda, Proc. Chem. SOC. (London), 138 
(1962); (c) G. A. Hamilton, J. W. Hanifin. Jr., and J. P. Friedman, J .  Amer. 
Chem. SOC., 66, 5266, 5269 (1.966). 

(4) The yields of these speaies at pH 7 are  Goa = 2.4; Gew- = 2.8 
i 0.2; GH - 0.6; GH, = 0.5; GH~o:, = 0.7. 

( 5 )  E. J. Hart, Ann. Rev. Nucl. Sei., 16, 125 (1965). and references therein. 
(6) J. W. T. Spinke and R. J. Woods, “An Introduction to Radiation 

(7) J. C. P. Schwarz, “Physical Methods in Organic Chemistry,” Holden- 
Chemistry,” John Wiley and Sons, Ino., New York, N.  Y., 1964, p 106. 

Day Inc., San Francisco, Calif., 1964. p 147. 

was adjusted by the addition of small volumes of concentrated 
sulfuric acid or sodium hydroxide to the required value. Argon, 
oxygen, and nitrous oxide saturated solutions were prepared by 
bubbling the high purity gas through the triply distilled water in 
the irradiation cell. The gas was introduced into the irradiation 
cell by the use of a hypodermic needle which was punched 
through a silicone septum and pushed close to the bottom of the 
cell. An outlet for the saturating gas was provided by inserting 
another needle through a second septum above the water level. 
The duration of the saturation was about 15-20 min and it was 
enhanced by frequent shaking. After saturation the needles 
were withdrawn and the required amount of nitrobenzene was 
introduced with a Hamilton gas-tight syringe and dissolved by 
vigrous shaking. 

Deuterated nitrobenzene, CsD6N02, was obtained from 
Mallinckrodt Nuclear Corp. and its deuterium content was 
established to be 98% by mass spectroscopy.* 

The conversion of nitrobenzene into products was kept a t  
less than 1% to avoid secondary reactions. After the completion 
of irradiation a small portion of the solution (usually 10 ml) was 
analyzed for nitrite, nitrate, and hydrogen peroxide and the 
remainder (150 ml) was treated for nitrophenols and phenol. 

Nitrite was analyzed by the Griess-Ilosvay testD and the nitrate 
was determined by the brucine method.9 Standard sodium nitrate 
solutions were used to construct calibration curves. 

Hydrogen peroxide was analyzed spectrophotometrically by 
the iodide method;lO calibration curves were constructed using 
dilutions of stock solutions of hydrogen peroxide whose concentra- 
tions were standardized by B. D.  H. standard ceric sulfate solu- 
tion.” The irradiated solution, without the added reagents, 
was used as a blank for the spectroscopic determinations. 

After adjusting the pH of the aqueous irradiated nitrobenzene 
solutions to 12.5 with sodium hydroxide, the solution was ex- 
tracted with ether to remove the unreacted nitrobenzene. The 
pH of the aqueous layer was readjusted to 2.0 with HCl and was 
extracted twice with 100-ml portions of redistilled ether. These 
ether layers were concentrated by rotary evaporation to 5.0 
ml a t  temperatures not exceeding 20’ and were analyzed by 
gas-liquid partition chromatography. Using a 1-m glass column 
10.25 i.d. packed with 2T0 Versamid 900 (F & M) on Chromasorb 
W] with temperature programming at  2.5’/min from 25’ and 
a t  a flow rate of 115 cc of He/min,lP the following retention times 
(in minutes) were obtained: o-nitrophenol, 30; phenol, 42; 
m-nitrophenol, 57; and p-nitrophenol, 62. Using the same 
column [but packed with a mixture of 2% Versamid on Chromo- 
sorb W (75%) and 1% 1,2,3,4-tetrakis(2-cyan~ethoxy)butane 
on C-22 (25%)], the same temperature programming, and an 
identical He flow rate, the following retention times (in minutes) 

(8) We are indebted to Mr. G .  Buzzard for this determination. 
(9) D. F.  Boltz, Ed., “Colorimetric Determination of Non-metals,” 

(10) C. J. Hochanadel, J .  Phya.  Chsm., 66, 687 (1952). 
(11) E. C. Hurdis and H. Romeyer, Jr., A n d .  Chem., 16, 320 (1954). 
(12) T. 8. Ma and Donald Spiegel. Microchem. J., 10, 61 (1966). 

Interscience Publishers, Inc., New York, N. Y., 1958. 



1866 FENDLER AND GASOWSKI 

I 1 

The Journal of Organic Chemistry 

TABLE I 
INITIAL YIELD OF IRRADIATION PRODUCTS AT DIFFERENT 

pH VALUES IN AIR-SATURATED,~ 
7 x 10-3 M AQUEOUS NITROBENZENE 

G valueb 
Nitrate 

pH o-Nitrophenol m-Nitrophenol p-Nitrophenol ion 

2 . 0  0.50 0.52 0.58 0 . 5  
6 .5  0.48 0.48 0.64 0 . 5  
9 .0  0.50 0.50 0.65 0 . 5  

10.5 0.52 0.52 0.65 0.4 
12.0 0.43 0.43 0.48 0.4 
a [O,] = 2.3 X lo-' M. The estimated error for the nitro- 

phenol yields are i 5 % ,  for nitrate ion it is &l5y0. 

'4 70 

TOIPI Dose, Rads x 

Figure 1.-Isomeric nitrophenol yields as a function of dose in 
the radiolysis of air-saturated aqueous 7 X 10-3 M nitrobenzene 
a t  pH 6.5: 0, o-nitrophenol; 0, m-nitrophenol; D, p-nitro- 
phenol. 

were obtained: o-nitrophenol, 28, and phenol, 43. A thermal 
conductivity detector was used at a cell current of 160 mA or 
195 mA. Known concentrations of the nitrophenols and phenol 
were used to obtain excellent linear calibrations. Furthermore, 
using synthetic mixtures of these nitrophenols and repeating 
the extraction and concentration techniques used for the analysis 
of the irradiated samples, the recovery of the compounds wm 

Results 

The major products measured are the three isomeric 
nitrophenols, and their concentrations in an air-sat- 
urated solution at pH 6.5 as a function of total dose 
are plotted in Figure 1. The concentration of nitro- 
phenols increases linearly with the dose up to 6.0 X 
104 rads, at which point all the available oxygen has 
been used by its reaction with hydrogen atoms and hy- 
drated electrons. From the initial slopes of the straight 
lines the G values have been calculated. At doses of 
6-10 X lo5 rads the irradiated solution became very 
dark, presumably owing to increased dimer formation. 
The nitrophenol yields were decreased by a factor of 
ten, and phenol was detected. For this reason all the 
reported G values were obtained from dose-yield plots 
for doses not exceeding 5 X lo4 rads. The very sensi- 
tive Griess-Ilosvay testg gave negative results for ni- 
trite ion. Nitrate ion yields were however quantita- 
tively determined in the irradiated solutions. 

Table I gives the yields of irradiated products at 
different pH values in aqueous air saturated solutions 
of 7 X M nitrobenzene. The yields of nitro- 
phenols are considerably higher than those previously 
reported in the X-ray irradiation of aqueous nitro- 
benzene, presumably owing to improvements in the 
method of analy~is. '~ 

The yields of products under different conditions are 
given in Tables I1 and 111. 

When 0.5 M methanol was added to the water, no 
nitrophenols were detected in the air-saturated solu- 
tions of 7 X 

No detectable changes were observed in the product 
yields if irradiations were carried out at  the two dif- 
ferent dose rates (see Experimental Section). 

p-Nitroso-N,N-dimethylaniline reacts exclusively 
with hydroxyl radical, and because of its high extinc- 

95-100%. 

and 5 X lo-* M nitrobenzene. 

(13) H. Loebl, G. Stein, and J. Weias, J. Chem. SOC., 2704 (1950). 

TABLE I1 
INITIAL YIELD OF NITROPHENOLS AT pH 6.5 
IN 7.3 x 10-8 M AQUEOUS NITROBENZENE 

(3 valuea 
o-Nitrophenol m-Nitrophenol p-Nitrophenol 

Air saturatedb 0.48 0.48 0.64 
Oxygen saturated" 0.52 0.44 0.38 
Argon saturated 0.13 0.13 0.48 
Nitrous oxide saturatedd 0.37 0.15 0.67 

a Estimated error for the nitrophenol yields are f5%.  [OZ] 
= 2.3 X lO-'M. [ 0 2 ]  = 1.0 X M. [NzO] = 2.0 X 
10-2 M. 

TABLE I11 
INITIAL YIELD OF IRRADIATION PRODUCTS AT pH 6.5 

IN 5.0 X M AQUEOUS NITROBENZENE 
G valuea 

+Nitro- m-Nitro- p-Nitro- Hydrogen 
phenol phenol phenol peroxide 

Air saturated6 0.47 0.29 0.18 1 . 9  
Oxygen saturated" 0.34 0.23 0.18 
Nitrous oxided saturated 0.26 0.14 0.25 
Nitrous oxidea and oxygen 0.86 0.53 0.30 1 . 9  

0 Estimated error for the nitrophenol yields are &5%; for 
phenol, i 1 5 r 0 ;  and for hydrogen peroxide, f15%. [Ozl =, 
2.3 X lO-'M. [OZ] = 1.0 X M. [NzO] = 2.0 X 10- 
M. a [NzO] = 1.45 X IO-$Mand [OZ] = 2.3 X lO-'M. 

tion coefficient it can conveniently be used as a compet- 
itor14 for obtaining relative rates of hydroxyl radical 
attack. A plot of 1/G(p-nitroso-N,N-dimethylaniline) 
against [competitor]/ [p-nitrosodimethylaniline J gave 
excellent straight lines. From the slopes of these 
lines the relative rates of hydroxylation of ethanol, 
nitrobenzene, and nitrobenzene-dj were determined. 

By using the value of  OH + C ~ H ~ O H ,  = 1.1 X lo9 
M-l,15  OH + C ~ H ~ N O ~ )  was calculated to be (1.7 f 
0.2) X lo9 M-l sec-l. The corresponding rate con- 
stant for the completely deuterated nitrobenzene, 
 OH + CaDsNoI), was found to be (1.8 f 0.2) X log 1M-l 
sec-1.16,17 

Discussion 

The hydroxyl radical has a high electron affinity 
and, consequently, some electrophilic character in its 
(14) I. Kraljic and C. N. Trumbore, J. Amer. Chem. Soc., 76, 2547 (1965). 
(15) G. E. Adams, J. W. Boag, J. Currant, and B. D. Michael in "Pulse 

Radiolysis," J. H. Baxendale, M. Ebert, J. P. Keene, and A. J. Swallow, 
Ed., Academic Press Inc., New York, N. Y., 1965, p 131. 
(16) The rate constant  OH + C ~ H ~ N O ~ )  has been recently determined by 

pulse radiolysis to be 4.7 X 10s M-1 sec-1.17 This discrepancy, of course, 
doea not invalidate the agreement between the rate constants for the OH 
attack on CaHsNOn and CsDsNO2. 

(17) K.-D. Asmus, B. Cercek, M. Ebert, A. Henglein, and A. Wigger. 
Trans. Faraday Soc., 68, 2435 (1967). 
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reaction with aroma,tic compounds.zJ8 It can either 
add to an aromatic nucleus to form a cyclo- 
hexadienyl-type radical or abstract a hydrogen atom 
from it. The presence of phenol,l8 biphenyl,15 and 
nitrate ion in the irradiation products might indicate 
the formation of a phenyl radical. Indeed, this has 
been suggested in connection with the hydroxylation 
mechanism of nitr~benzene.'~J~ Recent work, how- 
ever, on the oxidation of benzene by Fenton's reagentSa 
and on the pulse radiolysis of dilute aqueous benzene 
solutionsz0 has conclusively shown that in the case of 
benzene the formation of hydroxycyclohexadienyl 
radical is the initial step in hydroxylation. The 
equivalence of the hydroxylation rate constants for 
nitrobenzene and nitrobenzene-& (see results) is com- 
patible only with the initial formation of a nitro- 
substituted hydroxycyclohexadienyl radical (see eq 1). 

I 
Radical I has been recently observed in the pulse 
radiolysis of dilute aqueous nitrobenzene and the rate 
constant for eq 1 was calculated to be 4.7 X lo9 M-1 
sec-l.l7 

The formation of cyclohexadienyl-type intermedi- 
ates both in electrophilicz1" and nucleophilic2lb aro- 
matic substitutions has been described as initial steps 
for these reactions. It seems, therefore, that both 
ionic and radical substitutions of an aromatic carbon 
atom involve rehybridization of the carbon atom at 
the point of attack. 

The hydrated electron also reacts with nitrobenzene 
according to eq 2 with a rate constant of 3 X 1 O 1 O  

C6HaNC)z -I- ea,- + C.&NOz- (2) 

M-l sec-1.2z In  an air-saturated solution at the 
higher nitrobenzene concentration (7 X 10-3 M )  
both eq 1 and 2 competitively prevail. At the lower 
concentration of nitrobenzene (5  X M )  in the 
presence of NzO more than 90% of eq 2 is suppressed. 
This latter situation is somewhat simpler and there- 
fore it will be discused first. 

In an N20-satura,ted solution the hydrated electron 
is scavenged;23 the rate constant for eq 3 is 9 X los 

eaq- + NzO + .OH + N, + OH- (3) 

M-' sec-', thus at 5 X M nitrobenzene concen- 
tration only some 8% of the nitrobenzene is expected 
to react according to eq 2. Furthermore, since every 
eaq- is converted into a hydroxyl radical, the yields of 
hydroxylated products are to be expected to approach 
the value of GOH + Geaq-. The radiation-induced 
hydroxylation of benzene in nitrous oxide saturated 

(18) M. Anbar, D. Meyerstein, and P. Neta, J .  Phyr. Chem., 70, 2660 
( 1966). 

(19) H. Loebl, G. Stein, and J. Weiss, J .  Chem. Soc., 2074 (1949). 
(20) L. M. Dorfman, I. A .  Taub, and R. E. Buhler, J .  Chem. Phys., 86, 

3051 (1962). 
(21) (a) E. Berliner, Proor. Phys. Oro. Chem., P, 263 (1964); (b) ibid. ,  1, 

31 (1963). 
(22) K.-D. Asmus, A. Wigger, and A. Henglein, Ber. Bunsengea. Phys. 

Chem., 70, 862 (1966). 
(23) G. Soholes and M. Simic. J .  Phys. Chem., 68, 1731 (1964); F. S. 

Dainton and D. B. Peterson, Proc. Roy .  Soc., A967, 443 (1962). 

aqueous solution has born out this e x ~ e c t a t i o n . ~ ~  
The total yields of nitrophenols in the nitrous oxide- 
saturated system is 0.65 (Table III), a G value con- 
siderably smaller than expected. This must mean that 
I and possibly other substituted hydroxycyclohexadienyl 
radicals decompose in a different manner than the un- 
substituted hydroxycyclohexadienyl radical. In a 
recent work eq 1 was suggested to be followed by eq 4 
and 5.17 The absorbance of the final products, the 

11 

isomeric nitrophenols, was fgund to be only one- 
third of that due to I at 4100 A.I7 Furthermore since 
2 mol of I only give 1 mol of nitrophenol (eq 4) the G 
value for nitrophenols was estimated to be not greater 
than 0.75.'' The present results are clearly in good 
agreement with this postulation (Table 111). The 
yield of m-nitrophenol in this system is very much 
smaller than that of either the ortho or para isomer in 
accord with the expectation from the absorption 
spectra of pulsed irradiated aqueous nitrobenzene at 
different pH values. l7 

When oxygen is present in addition to nitrous oxide 
as a scavenger, eq and 7 must also be considered. 

(6) eaq- f 0, -+ 0, 

111 

Equation 6 scavenges the solvated electron in addition 
to eq 3. Equation 7 has been demonstrated and its 
observed rate constant is (2.5 f 0.3) X 106 M-1 

~ e c - ~ . ~ '  It is not unreasonable to expect that the for- 
mation of dimers (11) from I11 is less favorable than 
from I. The yield of nitrophenols in the nitrous oxide- 
oxygen saturated system is almost twice as high as in 
the absence of oxygen (Table 111) which supports this 
theory. The decrease in the percentage of p-nitro- 
phenol produced in the N2O-OZ system in relation to 
the NzO system tends to suggest that in I11 the oxygen 
is preferentially situated in the para position. 

In  a recent pulse radiolysis study it was demonstrated 
that the initially formed dihydroxycyclohexadienyl 
radical subsequently yielded phenoxyl radical either 
by OH- or H+ removal.26 The presence of nitrate 
ions in the irradiated samples of aqueous nitrobenzene 
tend to suggest that a similar mechanism might op- 
erate to remove HNO, from I to form the phenoxyl 

(24) Unpublished reaults of J. H. Fendler and G. L. Gasowski. 
(25) S. Gordon, E. J. Hart, M. Matheson, J. Rabani, and J. K. Thomas, 

J .  Amer. Chem. Soc., SS, 1374 (1963); E. J. Hart, J. K. Thomas, and 9. 
Gordon, Radid .  Res. Szcppl., 4, 74 (1964). 

(26) E. J. Land and M. Ebert, Trans. Faraday Soc., 68, 1181 (1967). 



1868 FENDLER AND GASOWSKI The Journal of Organic Chemistry 

in the radiation-induced hydroxylation of mono- 
substituted aromatic compounds in dilute aqueous 
solutions.24 Of the disubstituted compounds studied 
so far the irradiation of p-nitrophenol seems to pre- 
sent a clearer picture. The G value for 2-hydroxy-4- 
nitrophenol is 2.95.29 It is possible that the formation 
of dimers in this system is not favorable. 

The isomeric percentage distributions of nitro- 
phenols and partial rate factors obtained in this study 
are compared to other chemical hydroxylations2 in 
Table IV. The ortho and para positions for the ra- 

radical. The HNOz radical then rapidly oxidizes to 
the nitrate ion. The observation of chloride ion in 
the irradiated aqueous solution of chlorobenzenez7 
and phenol in irradiated aqueous anisolez4 support a 
general mechanism in which the formation of phenoxy1 
radical is a subsequent step in the rearrangement of 
of any substituted hydroxycylohexadienyl radical. 

In an air or oxygen saturated solution of aqueous 
7 X M nitrobenzene and in the NzO-saturated 
solution at the same nitrobenzene concentration not 
more than 10% and approximately 50%, respectively, 
of the hydrated electrons are scavenged (eq 6 and 3). 
Contrary to expectations the yield of nitrophenols 
under these conditions is considerably higher (Table I)  
than in the system where only 10% of the hydrated 
electron was allowed to react with the nitrobenzene. 
This is only explicable in terms of the formation of 
additional nitrophenols via eq 2. Since in the presence 
of 0.5 M methanol, which effectively scavenges all the 
hydroxyl radicals, no nitrophenol was formed (see 
results), one must conclude that a complicated set of 
reactions exist between I and I1 and/or between their 
respective rearranged products which ultimately re- 
sults in the preferential formation of nitrophenols in- 
stead of dimers. 

Changes in the pH have only small effects on the 
yields although at pH 12 nitrophenols have smaller G 
values than at other pH values (Table I). This is 
reasonable since at higher hydroxide ion concentrations 
the reaction in eq 8 becomes more important and the 
0- formed is not so reactive as the OH- radical.2s 

OH- + OH + H20 + 0- (8) 

We had hoped to detect the presence of aromatic 
peroxides and hydroperoxides by observing the dif- 
ference in hydrogen peroxide yields obtained by the 
iodide and titanium sulfate methods since only the 
latter test is specific for inorganic peroxides.20 At 
the low doses employed hydrogen peroxide was not 
formed in sufficient concentration to be detectable by 
the titanium sulfate: method. The obtained G values 
(Table 111) are nevertheless in accordance with the 
hydrogen peroxide yields determined in an irradiated 
solution of aqueous benzene.z0 

The formation of dimers and generally the presence 
of numerous side reactions appear to be a general case 
(27) G. R. A. Johnson, G, Stein, and J. Weiss, J. Chem. Soc., 3275 (1951). 
(28) C. J. Hochanadel, J. Radiat. Res., 17, 386 (1962); J. Rabani and 

M. S. Matheson, J .  Amer. Chem. Soc., 86, 3175 (1964). 

TABLE IV 

FACTORS FOR THE HYDROXYLATION OF NITROBENZENE 
ISOMER DISTRIBUTION O F  NITROPHENOLS AND PARTIAL RATE 

Isomer distribution, % -Partial rate factorP- 
o m P ofR mfR p f R  

Radiaton inducedb 51 31 18 1 80 1.10 1.91 
Radiation inducedC 40 21 39 1 42 0 71 2.76 
Radiation inducedd 50 31 19 1 77 1 10 1.34 
Radiation inducede 30 30 60 1.06 1.06 4.25 
Fenton reagentf 24 30 46 0.85 1.06 3.26 
Hamilton reagentf 30 41 29 1 06 1.45 2 05 

100; myR = ~ ~ ( C ~ H ~ N O ,  + . O H ) / ' / S ~ ~ ( C ~ H ~  + .OH) X '?& m-nitrophenol/2 
X 100; prR = ~ ( c ~ H ~ N o ~  + . o H ) / ~ / B ( c ~ E ~  + .OH) X % p-nitrophenol/ 
100. b [ C ~ H ~ N O Z ]  = 5 X lo-' M ,  [NzO] = 1.45 X 10-2 M ,  
[Oz] = 2.3 X M .  [CsHsNOz] = 5 X M ,  [NzO] = 
2.0 X M .  [ C B H ~ N O ~ ]  = 5 X M ,  air saturated. 
e [CsHsNO~] = 7 X 

a O f R  = k(c,asNol + .OH)/l/6k(C6a6 + .OH) x % o-nitrophenol/2 x 

M ,  air saturated. f See ref 3a. 

diation induced hydroxylations of dilute aqueous nitro- 
benzene are activated to a greater extent than the meta 
position. The selective activation of these two po- 
sitions is explicable in terms of the enhanced conju- 
gation of the directing nitro group with the benzene 
ring; a similar situation exists in the homolytic phen- 
ylation of nitrobenzene. ao Whereas the qualitative 
agreement in the partial rate factors of chemical and 
radiation-induced hydroxylations is reasonable, owing 
to the uncertainties of the intricate mechanism of 
both systems, quantitative correlations are not war- 
ranted at present. 

Registry No.-Nitrobenzene, 98-95-3 ; o-nitrophenol, 
88-75-5; m-nitrophenol, 554-84-7 ; p-nitrophenol, 100- 
02-7. 
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