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1258 LETTERS TO THE EDITOR 

Isolation of H0 2 from the Hydrogen, 
Oxygen Diffusion Flame* 

J. D. McKINLEY, JR. 
Chemical Kinetics Group, The James Forreslal Research Center, 

Princeton U niversitYt Princeton, New Jersey 
(Received April 23, 1954) 

A TECHNIQUE for the isolation and identification of inter­
mediate species in diffusion flames has been described by 

Stadnik.1- s Reactive products are absorbed in a film of water 
flowing close to the flame, and are later identified by appropriate 
analyses. In the case of the hydrogen, oxygen flame a reducing 
substance was isolatedS which reacted slowly with potassium per­
manganate, and after the permanganate titration, liberated large 
quantities of iodine from potassium iodide. Stadnik attributed this 
behavior to the presence of hydrogen peroxide and larger amounts 
of hydrogen superoxide, H.04, resulting from the absorption of 
HOz from the flame. A slow decomposition of the H z0 4 to oxygen 
and hydrogen peroxide was believed to account for the analytical 
results. 

Because of the importance of HOz in mechanisms proposed for 
various chain reactions involving hydrogen and oxygen, and the 
scarcity of direct experimental evidence for its existence, an at­
tempt has been made to repeat and extend these experiments. 
The results indicate that nitrous acid from the oxidation of at­
mospheric nitrogen is present in the absorbing solutions, and that 
hydrogen peroxides are not present; it appears that the evidence 
attributed to hydrogen superoxide can be adequately explained in 
terms of nitrous acid. 

An apparatus similar in design to that described in detail by 
Stadnika was used. The reaction vessel, a tin plated copper tube 
(130 mm long by 20 mm i.d.) is mounted vertically and equipped 
with shallow overflow dishes at the top and bottom. A sample of 
cool (15°C) water, recirculated by a small glass pump, pours 
continually down the inner walls of the tube. Oxygen enters the 
reaction zone through small perforations in the upper wall of the 
tube, and hydrogen is introduced through a 5 mm Ld. quartz tube 
mounted coaxially with the reaction tube; the flame burns at the 
hydrogen inlet and extends to within 2 mm of the flowing water 
surrounding it. In all experiments a 30 percent excess of oxygen 
was used; 400 cc of water was recirculated at a rate between 400 
and 600 cc per minute, and 50 cc aliquots were analyzed after 
0.8 to 1.0 moles of hydrogen had burned. 

The recirculated solutions gave a positive test for nitrite in a 
modified form of the Griess-Illosvay method.' When mixed with 
acidified titanium sulfate, the solutions failed to show the yellow 
color characteristic of the peroxytitanic complex. 

The uv absorption spectrum of a recirculated solution showed 
increasing absorption below 2200A and a maximum in the vicinity 
of 36OOA. The absorption near the visible corresponds to that 
reported for nitrous acid" between 3100A and 3900A. No maxi­
mum in this region occurs in the spectrum of dilute aqueous hydro­
gen peroxide. 

On titration with 0.01 N permanganate, the reactions were slow 
and the analyses less precise than corresponding titrations with 
ceric ion. The slow reaction with permanganate is characteristic 
of nitrous acid. After a permanent permanganate end point had 
been reached, the samples were freed of oxygen, treated with 
potassium iodide, and left overnight in sealed flasks; no iodine in 
excess of that corresponding to the permanganate blank was 
liberated. The large quantity of liberated iodine found by Stadnik 
could arise from a slight undertitration with permanganate (caused 
by slowness of the Mn04-, NOz- reaction) and incomplete re­
moval of traces of oxygen from the sealed flasks, since nitrite is 
known to be an effective catalyst for the oxygen, iodide reaction. 

The interfering nitrogen probably comes from the atmosphere 
around the apparatus, although 0.1 percent of nitrogen in the 
hydrogen or oxygen supplies if completely burned would be suffi­
cient to cause these results. Addition of 3 percent nitrogen to the 
oxygen supply caused a fourfold increase in the nitrous acid 

concentration of the final solution. Saturating the water sample 
with nitrogen at 1 atmos served to increase the final nitrous acid 
concentration by about 30 percent. 

Since nitrous acid would destroy any hydrogen peroxides that 
might be dissolved, this method will be inapplicable to the study 
of flame intermediates unless it is modified to insure exclusion of 
atmospheric nitrogen from the reaction. 

* This research was supported by the United States Air Force under 
Contract No. AF 33 (038)-23976 monitored by the Air Research and 
Development Command, and has been reported fully in Technical Note 
No.9,OSR-TN-54-34. 

I P. M. Stadnik, Dopovidi Akad. Nauk Ukr. R. S. R. 1950, 20t. 
2 P. M. Stadnik and O. K. Bodnya, Zhur. Fiz. Khim. 26, 1173 (1952). 
3 P. M. Stadnik, Doklady Akad. Nauk S.S.S.R. 87, 445 (1952). 
• B. J. Rider and M. G. Mellon, Ind. Eng. Chem., Anal. Ed. 18, 96 

(1946). 
'G. Porter, J. Chem. Phys. 19,1728 (1951). 

s-Triazine. IV. The Mass Spectrum 
c. M. JUDSON, R. J. FRANCEL, AND J. A. 'WEICKSEL 

Stamford Research Laboratories, American Cyanamid Company, 
Stamford, Connecticut 

(Received May 15, 1954) 

T HE mass spectrum of s-triazine has been obtained using a 
Consolidated Engineering Corporation, model 21-103-A 

mass spectrometer. A vapor sample of s-triazine, which is a solid 
with a vapor pressure of a few mm of mercury at room tempera­
ture, can be readily obtained after pumping out air at dry ice 
temperature. The spectrum obtained is shown in Table I, with 
formulas for the expected fragments at each mass. 

TABLE 1. Mass spectrum of .-triazine. 

Mass/charge Pattern (%) 

12 7.9 
13 7.2 
14 2.1 
24 2.0 
25 1.6 
26 6.4 
27 56.1 
28 83.3 
29 1.4 
38 5.1 
39 4.3 
40 3.3 
41 0.5 
52 2.6 
53 18.9 
54 84.7 
55 2,5 
81 100.0 
82 4.4 

C 
CH 
N 
C-C(R) 
CH-C(R) 
C-N 
HC-N 

Fragments 

(HC-N)H or N-N(R) 
(1) 
C-N-C 
CH-N-C 
CH-N-CH 
N-CH-N 
C-N-C-N 
CH-N-C-N or C-N-CH-N 
CH-N-CH-N 
(1) 
C,N,H, 
(1) 

(R) =rearrangement; (1) =isotopic. Spectrum obtained at 270°C., 
97.5 "A ionizing current, low amplifier gain, metastable suppressor out, 
70 volts ionizing potential, mass 58 recorded at 714 volts. Sensitivity of 
mass 81 in .·triazine =40.5 div./". Sensitivity of mass 43 in butane =39.1 
div./,,; butane pattern, 58/43 =12.5 percent, 29/43 =42.6 percent. 

The mass spectrum of s-triazine is characterized by a large 
parent peak at mass 81, relatively large peaks corresponding to 
fragments of the C2N2 and CN groups, small peaks of C1N, CN2, 
C and N fragments, other small peaks due to rearrangements, and 
complete absence of CzNs and CSN2 fragments. The spectrum 
differs from that of benzene in the greater importance of the CN 
and C2Nz fragments in s-triazine in comparison with the analogous 
C2 and C4 fragments in benzene, and in the absence of C2N~ and 
CaN2 fragments, while C. fragments are obtained in benzene. 

The peaks at masses 24 and 25 are believed to be due, not to 
impurities, but to rearrangement. It is well known that rearrange­
ment peaks are frequently encountered in mass spectra, particu­
larly in compounds containing oxygen and nitrogen.1- s In some 
cases such peaks may be the largest in the spectrum.z However, 
the types of rearrangement which are commonly observed can be 
explained by rearrangements of hydrogen atoms and do not re-
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quire any rearrangement in the skeleton of the molecule. The 
rearrangement peaks at masses 24 and 25 in s-triazine require a 
rearrangement in the skeleton of the molecule. The peak at mass 
28 may be due to a hydrogen atom rearrangement to form CNH2 + 
or to a skeleton rearrangement to form N 2+. Other peaks may 
involve contributions from rearrangements even though the peak 
can be explained by the expected fragments formed without re­
arrangement; for example, mass 26 may be due in some part 
to C2H2+' 

It has been shown' that the mass 26 peak in the benzene spec­
trum is due to a split into CH=CH+ and 2CH=CH. If s-triazine 
splits analogously into 3 fragments instead of the usual 2 frag­
ments, the appearance of C - C fragments, which apparently 
requires the formation of at least 3 fragments, might not be too 
surprising. The distance between atoms in the potential C-C 
bond in s-triazine is short enough so that a C-C bond can be 
formed 5 without requiring change in the position of the C atoms, 
and thus appearance of C-C fragments does not violate the 
Franck-Condon principle.'·6 Stevenson7 has concluded from 
studies with CIS tagged propane and butanes that individual 
carbon atoms tend to lose their identity in the process of frag­
mentation on electron bombardment. However, because the 
stripped C-C fragment has a very low abundance in the propane 
and butane spectra, it was not possible to show that the rearrange­
ment in C!S tagged propane and butane involved skeleton rear­
rangements. The evidence for skeleton rearrangements presented 
in this paper contributes further to the idea that the individual 
atoms lose their identity in the process of fragmentation. 

1 Catalog of Mass Spectra, American Petroleum Institute. 
2 A. Langer, J. Phys. Coll. Chern. 54, 618 (1950). 
3 J. Collin, Bull. Soc. Roy. Sci. Liege 21, 446 (1952). 
4 J. L. Franklin and F. H. Field, J. Chern. Phys. 21, 2082 (1953). 
5 G. Herzberg, Spectra of Diatomic Molecules (D. Van Nostrand Inc., 

New York, 1950), second edition, p. 454. 
6 H. D. Hagstrum, illass Spectroscopy in Physics Research, Natl. Bur. 

Standards Circ. 522, p. 193, U. S. Government Printing Office, 1953. 
1 D. P. Ste\'enson, J. Chern. Phys. 19, 17 (1951). 

A Theoretical Study of the Colored Alkali Oxides 
I~G.'" FIscHER-I-IJALMARS A:-;D BARB;';'O GR.\BE 

Instituie of Theoretical Physics, Universit3' of Stockholm, 
Stocl<holm, Sweden 

(Receh"ecl May 3, 1954) 

T HERE are three kinds of oxides, common to all the alkali 
metals: Me20, Me,O,. and :'I1eO," Furthermore, the sesqui­

oxides Me,(O,), have been prepared from at least Rb and Cs. 
The crystal structures of all these oxides have been determined 
by Helms and Klemm 1 The sesquioxides are characterized by a 
dark color, whereas the other oxides are almost colorless. This 
feature of the sesquioxides can hardly be attributed to any of the 
separate ions. :\1ost probably, the color depends on the structure 
of the crystal lattice. 

In the present study an attempt has been made to describe the 
electron distribution of the sesquioxides in terms of semilocalized 
orbitals. By means of this description an explanation of the dark 
color has been suggested. 

The computations have been carried out using the parameters of 
the Rb,(O,), crystal, but analogous results could obviously be ob­
tained in the case of Cs,(O,\,. 

We have considered an Rb atom and the three nearest 0 atoms, 
Oa, Op, and Ooy, as an entity. Let CPRb, cpa, CP{3, and cPoy be suitable 
atomic orbitals of Rb, Oa, O{3, and Ooy. We have assumed that the 
valence electron of Rb can be assigned to an orbital: 

cP=aCPRb+b(CPa+ CP{3+ cPoy)· 

The energy has been calculated from the expression 

E= f cp*Hcpdr, 

where H is the Hamiltonian of the electron in the field from the 
whole crystal. The parameters a and b of cp have been determined 
by variation of E with respect to a and b. This computation has 

Approx. 

II 

alb 

0.3 
-5.7 

0.6 
-4.1 

TABLE I. 

E AE 

-0.296 a.u. 0.07 a.u. 6500A 
-0.226 a.u. 

-0.314 a.u. 0.06 a.u. 7500A 
-0.253 a.l1. 

been carried out using two different approximations of the po­
tential energy. The results are collected in Table r. The column 
alb shows that in the lower state the main contribution to <p comes 
from the oxygen orbitals, and in the higher state <p is almost a 
pure Rb orbital. The last two columns give the difference in 
energy tlE between the two states and the corresponding wave­
length A, which is seen to belong to the visible part of the spectrum. 
Our suggestion is, therefore, that a transition between these two 
states gives rise to the color of the crystal. 

Full details ,,·ill be published by one of us (B. G.) in Arkiv jor 
Fysik. 

1 A. Helms and W. Klemm, Z. allorg. n. allgem. Chern. 242, 201 (1939). 

Color Centers in Synthetic Quartz* 
GEORGE W. AR"OLD, JR. 

!I'o!'al Research Laboratory, Washington, D. C. 
(Received May 12, 1954) 

RECENTLY, Cohen! has reviewed some of the literature on 
the absorption maxima in fused and crystalline quartz. 

In particular, the work of Yokota,',3 was discussed and some doubt 
indicated as to the reality of the absorption maximum reported 
by Yokota at 2.67 ev (462 m .... ) in x-irradiated ex quartz. 

This note is written to report an absorption maximum in x-ir­
radiated synthetic quartz at 2.64 ev (470 m .... ). Samples of syn­
thetic quartz cut perpendicular to the c axis were employed. The 
quartz used was cut from crystals grown by the Bell Telephone 
Laboratories, Inc., and by the Brush Development Company. 
Quartz from both sources yielded the 2.64 ev maximum when 
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