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The fluorescence of NO(A*X+), produced by the photodissociation of 
deuteromethyl nitrite, ethyl nitrite, isopropyl nitrite and trifluoronitroso- 
methane, was studied using synchrotron radiation as the source of excitation 
in the 1200 - 1700 A spectral region. The relative quantum yield for 
NO(A*E:‘) production at 1400 A was measured; fluorescence excitation 
spectra for NO(A, v’ = 0 and U’ = 1) are reported and are compared with the 
absorption spectra. The results are discussed in terms of a statistical energy 
distribution among the fragments, with particular emphasis on possible 
deviation from RRKM predictions in the case of vibrational energy disposal. 

1, Introduction 

The main primary photodissociative process for simple alkyl nitrites 
(RONO) or nitroso compounds (RNO) in the gas phase is the formation of 
nitric oxide (NO) and either an alkoxy or an alkyl radical [ l] . 

Most of the photochemical studies on these compounds have been per- 
formed at wavelengths exceeding 2000 A and are mainly concerned with the 
analysis of final products. In the case of alkyl nitrites a fraction of the RO 
radicals has been found to be vibrationally excited and to undergo a sub- 
sequent unimolecular decomposition. More recently Johnson et al. [2] have 
reported that photodissociation of these compounds at 1470 and 1236 A 
yields electronically excited NO which fluoresces before being deactivated 
by collisions. In contrast, the emission of RO excited radicals has been ob- 
tained [3] in the photolysis of alkyl nitrites using iodine (2062,1876 A) and 
mercury (1849 A) lamps. 

In a previous investigation [4] we have studied the photodissociation of 
methyl nitrite (CHBONO) in the vacuum UV using the synchrotron radiation 
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of the electron storage ring at Orsay as the source of excitation. Electron- 
ically excited NO fragments in different electronic and vibrational states 
(A2Z+, u’ = 0, 1, 23; c211, U’ = 0; D2Z: *, u’ = 0) have been identified from 
the study of emission spectra and decay time measurements. 

The production efficiency of the NO excited fragment in the A, C and 
D states has been determined as a function of the incident wavelength; the 
energy distribution in NO(A2E+, u = 0, 1, 2) in the photolysis of CHsONO 
has been explained in terms of a statistical energy partition between the 
products CHsO and NO. 

In order to obtain more information on the role of the radical asso- 
ciated with NO in the photodissociation mechanism we extended our studies 
to a series of organic nitrites (deuteromethyl nitrite (CDsONO), ethyl nitrite 
(CzH50NO) and isopropyl nitrite (LCaH,ONO)) and to nitrosotrifluoro- 
methane (CF3NO). 

2. Experimental 

C,H,ONO and i-C3H70N0 were prepared from the reaction of sodium 
nitrite on ethanol or isopropanol in a sulphuric acid medium. CDsONO was 
prepared by the same method using methanol-D4, DsS04 and D20. The 
samples, the purities of which were checked by vapour phase chromatog- 
raphy and mass spectrometry, were degassed and stored in the dark. 

CFsNO is a commercial product (PCR) and was used without further 
purification. 

The synchrotron radiation of the Orsay Collision ring AC0 (7 = 1 ns, 
13 MHz repetition rate) was used for excitation after being passed through a 
specially designed monochromator [ 5 ] . 

The photolysis gas cell, which was made of stainless steel, was provided 
with three MgF2 windows, the fluorescence being observed at right angles to 
the exciting beam. The relative photon flux passing through the gas cell was 
measured by a combination of a photomultiplier and a sodium salicylate 
screen the quantum efficiency of which was assumed to be constant in the 
range 1200 - 2000 a. Using conventional procedures the absorption spectra 
were deduced from the intensity of the transmitted light in the presence and 
in the absence of the compound. 

The fluorescence was spectrally analysed using a home-built vacuum 
monochromator [S] . Photon-counting techniques and correlated single- 
photon-counting techniques (for decay time measurements) were used with 
an RTC 56 SBUVP solar blind photomultiplier as the detector (dark 
counting level of about 5 counts s-l). 

The gas pressure was measured by means of a Pirani gauge calibrated 
with an MKS Baratron manometer. 
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Fig. 1. Vacuum WV absorption spectra of CDaONO ( -), i-C+H,ONO (- - -) and 
CFBNO (- - - .). 

3. Results and discussion 

3.1. Vacuum UV absorption spectra 
The far-UV absorption spectra of the nitrites and of CFsNO are com- 

posed of broad diffuse bands without any sharp features. The spectra of CDs- 
ONO, i-CsH,ONO and CFsNO in the range 1200 - 1700 A are shown in Fig. 1 
(AX = 2 A ). As expected, the spectrum of CDsONO is very similar to that of 
CHsONO. The presence of methyl groups instead of hydrogen in the alkoxy 
group leads to a shift of the absorption band towards longer wavelengths, 
with the maximum going from 1390 A for CHsONO to 1530 ,& for i-CsH,- 
ONO. In this spectral region several excited states can be involved: Rydberg 
states as well as valence shell excitations. From the photoelectron spectrum 
of i-CsH70N0 determined by Dewar et al. [ 71 the first two ionization 
potentiais are located at 10.5 and 12.5 eV (vertical ionization potentials). 
Thus the transitions from these highest occupied orbitals to a 3s Rydberg 
orbital can be calculated (taking a quantum defect 6 = 1) at 1750 A and 
1380 & respectively. These Rydberg transitions are probably overlapped by 
an intense absorption which may correspond to a nn* transition localized on 
the nitroso group, as suggested by Tanaka et aI. [8]. 

The absorption spectrum for CFsNO between 1100 and 1700 A 
consists of two broad bands with maxima at about 1410 and 1200 A. 
According to Robin [ 91 the 1410 A peak may be assigned to the A + s * 
transition on the N=O double bond. In fact, the similarity between 

CHsONO and CFsNO in this region suggests that the same chromophoric NO 
group is involved in both cases. 

3.2. Quantum yields of the NO excited fmgment in the A%+ state 
The fluorescence spectra resulting from the photolysis of CDsONO, 

CsHBONO and i-CsH,ONO in the long-wavelength region of the vacuum UV 



Fig. 2. A Stern-Volmer plot of the fluorescence 
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spectrum are identical with that previously observed in the case of CH30N0 
photodissociation and can be assigned mainly to emission from the 
NO(A2E’) excited fragment. This result is corroborated by fluorescence life- 
time measurements for RON0 excited at X,, = 1400 a and by NO(A2E’) 
fluorescence observed selectively at 2360 A (r(O,l) band). Under these con- 
ditions the decay curves observed are purely monoexponential, indicating no 
overlap with other possible emissions. A lifetime r. at zero pressure of 200 
ns can be deduced for the fluorescence product from the intercept of the 
Stem-Volmer plot (Fig. 2). This value is in good agreement with the known 
lifetime of NO(A2E+). The quenching rate constant of NO(A, u’ = 0) by the 
nitrites, which was calculated from the slope of the Stern-Volmer plot, is 
close to the hard sphere collision rate constant: 

k RONO = (6 + 0.6) X 10B1’ cm3 molecules-’ s-l 

For CF3N0 the intensity of the emission from the photoproducts is 
lower than that for the nitrites and the energy-resolved spectra are hardly 
observable. Nevertheless, the main features of the fluorescence spectra 
between 2000 and 3000 a can be identified as belonging to the NO A2Z+ + 
X system. In this case, because of the very low level of the counting rate 
(approximately 25 counts s ml for the most intense band at 2360 A), lifetime 
measurements were not performed under selective narrow band observation 
conditions; this was carried out only for the nitrites. However, the time decay 
of the total fluorescence produced from CF,NO photolysis is clearly non- 
exponential and shows a very long component which is probably due to the 



formation of the NO B state. The quenching rate constant of NO(A2E’) by 
CFBNO was measured by exciting NO (P = 100 mTorr) directly in the zeroth 
vibrational level at X = 2260 A in the presence of CFsNO. The quenching 
rate constant obtained this way can be compared with those obtained for the 
nitrites : 

kCFaNO = (6 + 0.6) X 10S1’ cm3 molecules-’ s-l 

The quantum yields for NO(A2EC*, v’ f 0) production were determined 
relative to that of CHsONO at X, = 1400 A. (These results can be 
converted to absolute values by using the quantum yield of NO(A2Z+) from 
the CHsONO photolysis determined in our previous work [ 4] : #tT~y: “,_ ojl 
= 0.14 at X, = 1400 IL.) 

@: 
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where I, {to,l)) is the measured intensity of the y(O,l) emission band, 1 + 
$No 7PaNo is the correction factor for the quenching of NO(A) by RNO 

aNO has been determined previously), IOh, is the relative primary photon 
flux at the wavelength of excitation (as measured from the fluorescence of 
the scintillator screen in the incident light beam) and T = 10-EAe~clc is the 
transmission of RN0 for the path length of the incident photon beam viewed 
by the photomultiplier (I = 0.9 cm) at the excitation wavelength h,. 

The following values were obtained: 

e CD,ONO 
P {NO(A,u’= 0)) 

CH,ONO 
P(NO(A.u’= 0)) 

= 1.1 

#YW’JO 
P {NO&v’= 0) 

Q 
i-C,H,ONO 

I 
CH,ONO 

P{NO(A.d=O)} ~P(NO(A.d=O~) 
= 0.40 

#ZF,NO 
P{NO(A.v’= 0)) 

CH,ONO 
P(NO(A,v’= 0)) 

= 0.19 (h, = 1450 A) 

From these results it can be seen that deuteration does not affect the 
quantum yield of production of NO(A); however, the substitution of hydro- 
gen by one or two methyl groups leads to a decrease in the NO(A2Z*) pro- 
duction yield. This result is not surprising from a statistical point of view if 
we consider that an important fraction of the excess energy should go into 
the more complex of the two products and that this fraction should increase 
as more and more degrees of freedom are involved. Thus, the production of 
NO(A) from RON0 at 1400 W (requiring about 80% of the excess energy 
used as electronic energy to excite NO) becomes less and less probable as the 
size of RO increases. 

For CFsNO such a simple explanation for the low measured quantum 
yield is not sufficient. The dissociation energies of the F3C-NO [lo] and 
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Fig. 3. Excitation spectra of NO(A%Z+) produced from CDaONO photodissociation. 

Fig. 4. Excitation spectra of NO(A%+) produced from C~HEONO photodissociation. 

RO-NO [ 111 bonds are nearly identical and the excess energy available is 
similar. It should be noted, however, that NO(A2X’) is not the only excited 
product; the NO(B211) fragment has also been detected at 1470 A [2]. Thus 
the photodissociation processes are less selective and the excess energy is 
spread over more channels than in the case of the nitrites where no NO(B) 
emission has been found. 

3.3. Excitation spectra of NO(A) 
In Figs. 3 - 5 are shown the excitation spectra of NO(A, v’ = 0, 1) 

resulting from the photolysis of CD,ONO, C2H50N0 and i-C3H,0N0 @ = 
0.3 Torr). These spectra were obtained by monitoring the emission intensity 
IF at bb = 2360 iX (y(O,l)) and X,,,bs = 2150 A (~(1.0)) as a function of the 
incident wavelength. The emission intensity IF, weighted by the contribution 
of the y(O,l) and rfl,O) bvds to the total emission from NO(A, v’ = 0) and 
NO(A, v’ = 1) respectively [ 121, was corrected for the relative incident flux 
at each excitation wavelength. No correction for pressure effects was applied 
since it is known that vibrational relaxation is very inefficient in the NO 
A2Z:’ state [ 131 and that both vibrational levels are quenched at the same 
rate by the nitrites, as has been shown in the case of CHsONO 14 3 . 

Several conclusions can be drawn from these spectra. 
(1) The threshold wavelengths required to give NO( AaX+) fluorescence 

(1610 f 10 A for v’ = 0 and 1550 * 10 A for v’ = 1) are identical for all the 
nitrites. This result indicates that the bond dissociation energies DO(RO-NO) 
for CHsONO, CDsONO, CzH50N0 and I-CsH,ONO are the same. This value 
can be evaluated: 

D,,(RO-NO) d Ehv --E{NO(A2Z+)} = 2.2 eV 

where E(NO(A21=‘)) = 5.48 eV for v’ = 0 and E{NO(A2C’)) = 5.77 eV for 
V ’ = 1. It should be noted that the NO(A, v’ = 1) threshold wavelength is 
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Fig. 5. Excitation spectra of NO(A2E+) produced from i-CsH,ONO photodissociation. 

Fig. 6. Relative population of NO(A, u’ = l)/NO(A, u’ = 0) as a function of the excitation 
energy : l , CHSONO; 0, CDaONO; 0, C2H,ONO; x , i-CaH,ONO; *, statistical calculation 
for CHsONO. 

shifted relative to that for NO(u’ = 0) by 0.3 eV = 2400 cm-l which corre- 
sponds to the vibrational frequency of NO in the A21=’ state. 

This result is slightly higher (approximately 0.4 eV) than the dissocia- 
tion energy of the RO-NO bond (1.8 f 0.04 eV) determined recently using 
a thermochemical method [ 11). This discrepancy seems to be too important 
to be attributed to the inaccuracy of the experiment. The extinction coeffi- 
cients for CDSONO and C2HbON0 are very low at the calculated threshold 
wavelength (1700 &) and the difference could be due to the difficulty in 
detecting very low fluorescence intensities under these conditions. However, 
because of the shift of the absorption spectrum towards longer wavelengths, 
the absorption for &CsH,ONO is not negligible at 1700 A and NO(A2X+) 
should have been detected in this case. More probably this resuIt shows that 
some kinetic and internal energy is released in the fragments at the observed 
threshold. 

(2) The excitation spectrum of NO(A) for CDsONO mirrors the absorp- 
tion spectrum quite well, particularly in the region of the 1400 A absorption 
band. This result shows that the quantum yield fox production of NO(A2P) 
is constant over the range 1300 - 1600 El. The same behaviour has been 
obtained for CHsONO photodissociation and seems to suggest a correlation 
between the initial and the product excited states. 

However, the NO(A2X’) production efficiency in the photolysis of iso- 
propyl nitrites exhibits a completely different behaviour. The excitation 

spectrum does not reproduce the absorption bands. Instead a smooth and 
regular increase of the NO(v’ = 0 and u’ = 1) population with excitation 
wavelength is obtained. In this case it can be concluded that the total energy 
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input in the reactant seems to be the dominant factor inducing the forma- 
tion of NO(A) and the branching ratio between this process and other com- 
petitive unidentified pathways is markedly dependent on the excess energy. 

(3) The relative population NO(A22’, u’ = 1)/NO(A2E’, v’ = 0) can be 
evaluated as a function of the available excess energy in the particular chan- 
nel RON0 + RO + NO(A). It can be seen in Fig. 6 that the vibrational 
energy distribution of the NO(A2E’) fragment follows the same energy 
dependence for CH,ONO 141, CDsONO, C2H,0N0 and i-CsH70N0. This 
result is not expected if we assume a statistical energy distribution in the 
fragments. In fact we should obtain an enhanced vibrational excitation in the 
RO fragment associated with a corresponding reduction in the vibrational 
energy deposited in NO(A) with substitution of hydrogen atoms by heavier 
atoms (CDs0 rather than CHsO) or with substitution by methyl groups 
((CHs)2CH0 or CHsCH20 rather than CHsO) because of the increase in 
density of the vibrational states in the RO radical. We have shown previously 
that the vibrational energy distribution in NO(A2ZZ:‘) for CHsONO photo- 
dissociation can be explained in terms of a not totally equilibrated redis- 
tribution which would favour the excitation of preferential modes in CHsO. 
The present data give a confirmation of the incomplete randomization of the 
energy in this specific photodissociation pathway. 

4. Conclusions 

We have observed that the vacuum UV photodissociation of polyatomic 
NO derivatives leads to the formation of NO(A’E+). The NO(A) production 
efficiency seems to be associated with a specific transition in the parent 
molecule for the smaller members of the series (CHsONO, CDsONO) but 
this behaviour tends to disappear as the parent compound becomes more and 
more complex. In the case of i-C3H70N0 statistical considerations seem to 
be predominant in explaining the low quantum yield of NO(A2E+) and its 
dependence on excitation energy. 

If we consider the vibrational energy distribution in the photodissocia- 
tion channel giving rise to NO(A), it is striking that the fraction of excess 
energy which appears as vibrational excitation of NO(A) does not vary with 
the number of available vibrational modes in the RO fragment. This result 
emphasizes the necessity to take deviations from assumptions used in the 
RRKM theory into account in the photodissociation of polyatomic 
molecules. 
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