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411 unstable ixomcr of dinitrogen tctroudc. 0NON02 hsym-N204), UVF photohzcd in an Ar matrix .I[ 1 I K 31436 .md 
25 10 nw Asyrn- to sym-X204 (OzNNOz) isomcriwtion wag the major process at 436 mn; other products observed where 

NO. cis-(NO)z, ~sym-N~O3 (OzNNO) md NzOs. lrradi&ion of asym-NzOq at 2510 nm induced no reaction. 

I_ Introduction 

In 1959. Fatcley, Bent and Crawford [ I] reported 
the existence of an unstable isomer of dinitrogcn 
tetroxidc (N,Od) hawng a dinitrosyl nitrate structure 
(ONONO,) in low-tcmpelaturc matrices in addition 
to .I stable isomer. O,N--NO, in D,,, symmetry (sym- 
X,0,) [Z--4]. Fur&r characterizcltion of the in- 
frared 15.61 and Raman [7] spectra of matrix-isolat- 
ed NO,-N,O, mixtures has confxmed the presence 
of this unstable isomer (we call it “asym-NZ04” al- 
rl~oogh it was called “iso-N-,O1” in earlier papers). 
hrmJtion of ONON in ke reaction of cis-(NO)? 
u ith solid oxygen at 13 -27 K has also been discussed 

by Sniitii dnd Cuillory [S.9]. 
III d relevant study on N-,0,. Varctti and P~mentel 

1 10 J have rcvcalcd that wll& N203 is formed from 
NO .md NO, m a N, matrix it displays the vibrational 
spectrum of the nor~ial form of NZO;, i.e. 0,NNO 
(~yni-N20;) tn C, symmetry as in the ~JS pGse [ 1 1, 

I 21. This molcculc was found to be converted to an 
isomer. ONONO (sym-N,03) by near-infrared irradia- 
tion ,11 20 K and isorncri~ed bdck IO asym-N,03 by 

irradiation in the ultraviolet region (370-480 nm) 
1 IO]. Although part of the photolytic behavior of 
l%O, isomers in low-temperature matrices has been 
revealed by Varetti and Pimentel [IO] and Smith and 
Guillory [9] for the purpose of characterization of in- 
frared absorption bands of these species, photochemis- 
try at a specified wavelength has not been studied so 
far. Smce asym-N-,04 has never been observed in the 
gas phase, it would also be interesting to get some in- 
sight into the formation mechanism of asym-N201. 

In the present study. the predominant formation of 
asym-N204 in an Ar matrix at I 1 K has been observed 
under favorable esperimental conditions, acd the pho- 
tochcmistry of asym-N,Oa has been investigated in 
the near UV-visible reGon_ The reaction channels of 
the photolysis of asym-N204 at 436 nm in an Ar ma- 
trix are reported, and the formation dynamics of 
asym-N,04 are assessed in this Letter. 

2. Experimental 

A CsI cold plate (25 X 35 mm, 2.0 mm in thickness) 

was installed on a copper block mounted on a cold head 

of a commercial cryo-pump system (Cryogenic Technol- 
ogy Inc. model 2 1). All cold parts of the system are 
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enveloped in a cylindrical stainless steel vacuum vessel 
(102 mm inner diameter and 265 mm long) which can 
be evacuated by an oil rotary pump with a liquid N, 
trap. The vacuum vessel has a pair of KBr windows 
through which IR absorption spectra of a sample de- 
posited on the cold surface can be measured_ A fused 
sihca window, through which photolytic light is ir- 
radiated on the sample, is installed on the vessel per- 
pendicular to the KBr windows. The CsI cold plate is 
set at 45” to both the KBr and silica windows. The 
copper block is fitted with a heater to control the 
temperature of the cold window from 1 1-I 00 K 
within 21 K accuracy by a Si diode temperature sensor 
and a temperature control unit (Lakeshore Inc.). 

The sample NO, (Matheson Co.) was prepared by 
degassing at liquid NT temperature after mixing with 
~1 arm of 02 to osidize NO-N,O, impurity_ Research 
grade Ar (Teikokusanso Co. Ltd.) was purified by pas- 
sing through a trap containing molecular sieve cooled 
at -70 to -90°C. Diluted mixtures of NOl/Ar( l/50- 
1/100) were prepared in a4 Qglass bulb and introduced 
into the vacuum vessel through a stainless steel tubing 
(1 mm outer diameter). The sample was effusively in- 
jected through a single nozzle located at 20 mm from 
the Csl surface. Flow rates of the sample mixture 
were varied in the range of 0.08-64 mmol/h and the 
deposition time ranged from 5 min to 2 h giving a total 
amount of deposition of 0.2-5 mmol. The stagnation 
pressure of tire gas mixture was varied in the range of 
1 O-760 Torr. 

Photolysis was made using a collimated beam (30 
mm diameter) from a high-pressure Hg arc lamp 
(Ushio Electric Co. USH-500D). An interference filter 
(Nilron Shinku Kogaku Co. IF137), whose transmis- 

sion is centered at 437 nm (Ax = 20 nm fwhm), and 
a glass filter (Corning 3-69) which transmits only 
25 10 nm, were used to isolate the 436 nm lines and 
visible lines of the Hg arc, respectively. A H, 0 cell 
150 mm in length was used to eliminate infrared radia- 
tion of the lamp. The irradiation time was 18 11. During 
the irradiation, the temperature rise of the cold sur- 
face was typically within 1 K. 

Infrared spectra were measured by a Fourier trans- 
from infrared spectrometer (Nicolet FTS-7199) using 
a liquid N-, cooled HgCdTe detector_ The spectral re- 
gion covered was 4000-700 cm-l with a resolution 
of 0.5 cm-l_ Typically, 128 scannings were accumulat- 
ed to obtain a spectrum. 

3_ Results and discussion 

3.1. Assignments of mat& isolated species 

Absorption bands observed in NO?/Ar matrices (l/ 
50-l/100) at 11 K were assigned to NO,, asym- and 
sym-N204, NO, cis-(NO)I!, and asym-N-,03 in com- 
parison with the data reported in the literature [ 1.56, 
9,10]. 

Absorption bands of asym-NZ04 are observed at 
1827.9 (N=O stretch), 1644.0 (NO:! asymmetric 
stretch), 1290.5 (NO1 symmetric stretch), 903.3 
(ON-O stretch) and 786.9 cm-L (NO, bend), while 
those at 1749.2 (NO? asymmetric stretch) 1257.0 
(NO, symmetric stretch) and 745.8 cm-l (NO, band) 
are assigned to sym-N?O,_ Sym-Na04 displays agog- 
gate bands at 1736 or 1728 cm-l depending upon 
whether it is formed thermally or photochemically_ 
Agreement of the frequencies observed in the present 
study and those reported by Fateley et al. [ 1] both mea- 
sured in Ar matrices, is in general within 1 I.x~-~; except 
for a band at 1257.0 cm-’ ofsym-N,OJ for which the 
value reported by Fateley et al. [ I] is a few cm_1 higher. 
Also, the differences in frequencies between those report- 
ed in 0, [5,8] and observed in Ar are in general minimal. 
while those in N2 as reported by Varetti and Pimentel 
[IO] reveal substantial shifts from other values. 

3.3 Prefererltiai isoiatiolz of asyiz-S~Oj 

In order to prepare a matrix sample suitable for a 
photochemical study of asym-NZ04. the experimental 
conditions of deposition were varied so as to attain a 
higher yield ratio of asym-NZO1 to sym-N,O1_ Figs. 
la-lc compare the absorption spectra obt;ined under 
different conditions in the range of 1200- 1350 cm-l, 
where bands due to symmetric stretching modes of 
both asym-N204 (1391 cm-l) and sym-NZOa (1257 
cm-l) can be covered. The effect of the deposition 
rate is demonstrated in figs. 1 a and 1 b. It is clearly seen 
that the reduction of deposition rate from 1 I to 0.2 
nimol/h significantly favors the formation of asym- 
NZ04 in the matrix. Comparison of deposition with 
different partial pressures of NO, in the gas mixture 
shows that a higher NO, partial pressure gives a higher 
ratio of sym-N-,04 as depicted in figs. Ic and Id. These 
results are consistent with t&-he favorable conditions for 

asym-N,04 formation noted in an earlier paper [I]. 
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t’ig. 1. Depmdcncc of tlw formation ratio of nsyn~ and SAW- 
N204 on the flow rate aed NOJAr matrix ratio. (3) N02/Ar 
= l/44. dcposilion rtitc 11 n~molfh, PNO% = 1.1 Torr, UT = 90 
Torr; fb) NOz/Ar = l/44, deposition ntc 0.2 nmoi/l~, &-p, 
= 2.1 Tori+, PT = 90 Torr: (c) N&jAr = i]SO, deposition rat% 
%‘2 i!lmo!ffl, &‘& =6-L? Torr. PT = 310 Torr: (d) NO&r 
= 1 /I 8. deposition rate 0.7 mmol/h. &02 = f 8.0 TOW. + 
= XW Torr. 

Further, increase in stagnation pressure from 90 to 
j 10 T0rr tends to give a higher ratio of asynt- to sym- 

h’,04. 9s shown in figs. lb and lc. Under the favor- 
able conditions employed in the present work. the 
peak absorbance ratio of tltc NO2 symmetric stretch 
bands of asym-NtO~ and syrn-N204 at 1291 and 
$157 cm-t was rypicaIty ci : i for the txltriC@ of 

NO,/& ratios of f /SO- f / 100. 
It is of great interest tltnt ;t tliermoci~cmically ltl0rC 

urlstablc species (asyrn-N,Oq j is formed predominant- 

ly by a simple tttcrmat recorubination reaction under 
certain espttimcntal conditions. The above results 
inrticrtte that ZE+W-N~O~ c;in bc isolated more fwor- 

:hly um.ler IIBC condi;ions that the reaction pair of 

NC), is frctrcn more rapidty after reaching the cold 
surf&c. At a Itighcr partial pressure ofN02. a larger 
atnuurtt of heat is liberated upon condensation and 
syrn-N,Oj should be present already in the gas phase 
in higher concentration, thus yiclditlg higher relative 
~:ttio ofsytn-N,04 in the matri,,. The preferential 
isolation of as~~&N20~ may be aspfained by dipoiar- 
interaction of reacting NO, pair. Since NO2 has a di- 
;x)lo moment of 0.3 I6 D, two approachin:: NO, mole- 
cults arc subjected to dipole-dipole attraction force 
wiiich tends to orient the two NO? FllOkCUkS to lie 
at~~j-pa~ll~~. This would favor the&qxoach of the 0 

atom to the N atom of the reacting pair and fix the 
molecule in the structure of ONONOz when frozen 
rapidly. This approach would also be favored statisti- 
caily as compared to the N-atom-to-N-atom approach 
to form syni-N20,. 

Irradiation at 336 nm was made for the NO?/Ar 
(I 155) matrix prepared under the conditions &ng 
asym-N,O, predominantly. Figs. 2a and 2b show 
the infrared absorption spectra obtained before and 
after 4 h irradiation, respectively. The difference spec- 

trum obtained by subtracting fig. 2b from 3a is depict- 
ed in fig. 3~. The spectrum before the irradiation, 
shown in fig. 21, displays the bands due to monomer 
NO, and asym-N204 with a srnailer amount of sym- 
N104_ After the irradiation, asym-N204 decreased and 
sym-N,O, and asym-N,03 increased. Slight increases 
of NO and cis-(NO), arc also observed (not shown in 
fig. 2). Further, new bands appeared at 1704. 1245 

Waverxlmbers tcmS1l 

Fig. 2. Mhed spectra of the NC& -&,0&r rnatrir irradht- 
cd at 436 run. NO?/Ar = I/SO. (a) Before irradition. &) after 
1 11 irradiation, (c) difference spectrum (II) - (a_). 
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and 737 cm-1 after the irradiation. Since the relative 

intensities of these bands did not change significantly 

during the irradiation and from run to run, these bands 
are ascribed to a single species. These bands were also 

noted by Varetti and Pimentel [IO] (at 1704, 1305. 

1247 and 739 cm-l in N7) and Smith and Guillory [9] 

(at 1704, 1300, 1241 and 736 cm-l in 02) and ascrib- 

ed to N,05. In the present study, the N705 band at 

i--l300 &--1 would be overlapped by the asym-N203 

band as indicated in fig. 2c. The infrared absorption of 
the covalent form of N205 is known to appear at 

1752,1700,1316,13-48,737,719 cm-l in CO, [l] 

and 1742,1702. 1335. 1245,853,732.712 cm-1 in 
neat N,O, [ 131. Though the fundamental frequency 
of the infrared active V; mode is known to be 1480 

cm_1 in the gas phase [ 141, no absorption bands due 

to NO, could be identified in the product spectrum 

after irradiation 

Fig. 3 shows the change of absorbance of reactants 

and products as a function of irradiation time. Analysis 

of the formation curve of sym-N, 0, showed that the 
isomerization reaction follows first-order kinetics. 

Under 13 li irradiation in the wavelength range 

25 10 nm for the asym-NzO, rich matrix prepared 

Fig. 3. Change of absorbance of reactants and products in the 
photolysis of asym-N204 in Ar nutria at 11 I< as a function of 
irradiation time. NOl/Ar = l/SO. 

from NO,/Ar (l/70). no decrease in asym-N201 nor 

increase in sym-N20A was observed. The only change 

observed was the increase of the shoulder of the NO, 
monomer band, which might be due to orientationa: 

relaxation of the monomer in the Ar matrix. 

AlthouSh an electronic absorption spectrum of 

asym-N704 has not been known. the tail of near UV 

absorption bands due to the -ON0 moiety should be 

around 400 nm, wheras sym-N,Oa is known to ab- 

sorb the light with wavelengths shorter than 3SO mn 

[ Is]_ The thermochemical dissociation limit of NO, 

in the gas phase is known to be at 398 MI f16]_ Thcre- 

fore, the irradiation of the NO?-N204-Ar mixture 
at 436 nm should excite both asym-N204 and NO, 

but the dissociation of the latter species does not oc- 

cur_ Therefore, the photochemical reaction processes 

-asym-Na04 + Izv -+ sym-N20a _ (0 

-+NO+NO,. (3 

followed by the recombination of NO, NO1 and NO; 
would be envisioned as a plausible mechanism to es- 
plain the observed products. sym-NIO1 _ NO, cis-(NO),, 
asym-N,03 and N,Os. 

As for the major process of asym- to sym-N?O, 

isomerization. the following three mechanisms may 

be conceived: 

asym-N204 + hv + (N204)* + sym-NzO1 . (3 

asym-N?O+ + Izv + (2N02),,,, + sym-N,Oq . (4) 

asyni-N20a + NO, + hv + asym-N203 + NO; 

+ (awl-NzO1 + NOZ)I~~~ mcu 

+ sym-N-,Oa + NO, _ (3 

If the isomerization is induced by the excitation of 

NO? monomer followed by the energy dissipation 

resulting local heating, the irradiation at 2510 nm 

can also induce the isomerization since NO, absorbs 

the light of this wavelength range. However. this is not 

the case, and thus the isomerization mechanism should 
be either process (3) or (4) 

Although processes (3) and (4) cannot be distin- 

guished experimentally in the present study, a process 
of intramolecular isomerization such as (3) has been 
suggested in the analogous isomeri%ation reactions of 
ONONO [lo] and CIONO [ 171 to nitryls (XNO,) in 
low-temperature matrices. 
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