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ABSTRACT 
 

Vibrationally excited Nitrosyl Chloride and Nitric Oxide NO (X2Π , v"≤ 10) have 
been observed in absorption, following incoherent UV (λ ≤ 340 nm) photo dissociation of 
ClNO-inert gas mixtures. The paper reports studies on the spectroscopic and kinetic 
properties of these two species and present evidence for near-resonance vibrational energy 
transfer from nascent NO  (X2Π , v"≤ 10) into the ν1 vibrational mode of ClNO and from 
vibrationally excited Cl2 formed in the reaction of Cl atoms with ClNO into the ν2 of ClNO.  
 
Keywords:   UV   photodissociation,   Nitrosyl   Chloride,   vibrationally   inverted   NO,  UV    
                    transient absorption spectra, vibrationally excited ClNO.  
 

INTRODUCTION 
 

The photodissociation of Nitrosyl Halides (XNO, X=halogen) and of ClNO in 
particular, has been a subject of great interest for many years (Wayne, 1964; Calvert and Pitts, 
1966; Okabe, 1984). The great interest devoted to these compounds is largely due to their 
strong absorption over the whole visible-UV region and to the relative weakness of the X-NO 
bond e.g. dissociation energy Do(Cl-NO) = 1.6 eV, which makes the photodissociation of the 
XNO molecules easily accessible with conventional incoherent flash-lamps and UV-visible 
laser sources. 
 

The quantum yield of NO is equal to two over the wavelength range 193-635 nm 
and is independent of ClNO and added inert gas pressure.  This is interpreted by the following 
mechanism: 
  ClNO   +  hν  (λ <635nm)                 →     NO + Cl                  (1) 
  Cl   +    ClNO             ─ k2        →    NO +  Cl2                  (2) 
  Cl2  +    2NO               ─ k3           →     2ClNO                   (3) 
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where the rate constant k2 is ~5 x10-11 cm3 molecule-1 s-1 and the recombination process (3) is 
slow with k3 = 1.6 x 107 cm6 molecule-2 s-1 . 
  

The primary photodissociation process (1) of ClNO was investigated at 347.2 nm 
using the method of photo fragment spectroscopy (Busch and Wilson, 1972). The study 
showed that, at this wavelength, no vibrationally excited NO was produced and that, the 
excess energy appears either as translational energy of the photo fragments or as rotational 
excitation of the NO╪ (X2Π, v"=0) state. However, investigations of the photodissociation 
products at λ < 340 nm indicated the direct production of highly vibrationally excited nitric 
oxide (NO╪) in the ground electronic state NO (X2Π, v"≤ 11 ) via process (1). This was 
confirmed by UV laser photodissociation of ClNO studies (Moser et al., 1983), which 
reported vibrationally excited NO╪ (X2 Π) with initial distributions peaking between v" = 8 
and v" =16 depending on laser wavelength. The present authors reported population inversion 
in vibrationally excited NO╪ (X2Π) following 193 nm laser photodissociation of ClNO and 
obtained initial distributions peaking between v" = 8 and v" =14 with concentrations in excess 
of 1019 cm-3 (Bechara et al., 1986; Gillan et al., 1985; Gillan et al., 1992).  On the other hand, 
NO (X2Π) produced in reaction (2) was vibrationally cold (Okabe, 1984). 
 

In summary, there is little doubt at present that, 
(i) the photodissociation of ClNO is a direct process as described by (1) 
(ii) the NO photo fragment is vibrationally excited in the ground state NO (X2Π, v"≥ 1) 

for wavelengths in the range 193-340 nm 
(iii) the percentage energy available increases with decreasing wavelength 
(iv) the NO quantum yield of 2 is accounted for by reaction (2) 
(v) NO produced in reaction (2) is vibrationally cold. 
 

Population inverted, highly vibrationally excited NO╪, formed by direct UV 
photodissociation of ClNO, would provide a convenient energy storage medium for the 
production of UV and IR lasers and for efficient frequency up conversion of existing laser 
sources into the VUV using either direct optical pumping to higher excited electronic states of 
NO (D,E) or via the resonantly enhanced stimulated anti-Stokes Raman process (Cunningham 
et al., 1984; 1986).   
 

The large number of electronic, vibrational-rotational states available in such a 
molecular system allows the production of line-tunable up-converted lasers over a wide range 
in the UV and near UV region of the spectrum. With the latter potential applications in mind, 
we have reinvestigated the UV photodissociation of ClNO, concentrating particularly on the 
spectroscopy and kinetics of vibrationally excited NO╪ and the transient absorption 
spectroscopy in the region 200-350 nm where both ClNO and NO show strong absorption. 
 

EXPERIMENTAL METHODS 
 

The pulse-probe experimental procedure is of a conventional design and has been 
documented elsewhere (Bechara et al., 1985). It consists in exposing a sample of ClNO or 
ClNO-inert gas mixture to a photolytic pulse of light and probing it at various delay times 
with a second light pulse. The photolysis pulse was generated by Xenon-filled linear flash-
lamps whose spectral output consisted of a broad continuum between 200 and 500 nm with a 
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maximum at 280 nm. The delay time between pulses (1µs-100 ms) was provided by a trigger-
delay pulse generator and monitored with a fast vacuum photodiode-oscilloscope system 
(CML 520 and Tektronix 556, respectively).  
 

Spectra of the probe flash were recorded with an optical multi-channel analyzer   
consisting of a linear diode array (EG&G, type RL512 LC/17) coupled to a low-resolution 
spectrograph (300lines/mm, f/13, 250 nm blaze, 75 cm focal length), providing a resolution of 
1 nm. Higher resolution spectra were also obtained using a Monospec spectrograph (1200 
lines/mm, blaze 300 nm) with a dispersion of 0.8 nm/mm providing in conjunction with the 
diode array a resolution of 0.2 nm over a range of 20 nm at a slit width of 0.2mm. The output 
from the diode array was fed to a microcomputer for signal averaging, processing and display.  
 
  The raw data consisted in a series of spectra representing the intensity of the probe 
light transmitted through the sample cell as a function of wavelength at various delay times. A 
“background” spectrum representing the residual signal in the absence of the probe light was 
recorded before each run and subtracted from the probe signal.  Absorbance spectra, 
calculated as (Log10 [Io(λ) / It(λ)] ), were then obtained from the spectra of the probe 
transmitted through the sample (It(λ))  and through the evacuated cell (Io(λ)). The time 
dependence of the absorbance A(λ) at various wavelengths was calculated from the spectra 
for a set of time delays between 0µs and 100 ms.  Monitoring wavelengths were selected to 
provide maximum information on the various possible species present in the transient 
absorption signal.  
 

 
RESULTS 

 
The UV absorption spectrum of ClNO 
 
 A reference absorption spectrum of ClNO was measured at the beginning of this 
work, using a nitrogen flushed dual beam spectrophotometer (CARY 17). The ClNO 
absorption spectrum was also measured using the diode array-detector system described in 
section (2) above. A low-pressure mercury lamp was used in the latter case for wavelength 
calibration. Comparison of the two results thus obtained provided a test for the reliability of 
the OMA system. 
 
 

The molar absorption coefficient ε is defined by: 
 

   ε =  ( log10 Io /It ) / C.l                     (1) 
 
where C is the concentration of ClNO in mol.l-1, l is the length of the cell in cm, and Io , It are 
the intensities of the incident and transmitted beams respectively.  
 

Graphs of log10(ε(λ)) were calculated with both methods. The results show good 
agreement with values reported in the literature (Illies and Takacs, 1977; Tyndall et al., 1987), 
for the commonly covered range (200-400nm). The absorption spectrum thus obtained was 
used as reference spectrum in subsequent studies. 
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Production of Vibrationally excited nitric oxide NO╪ (X2Π)  
 

Absorption due to NO╪ (X2Π) in vibrational levels 2 ≤ v"≤ 10 could be observed 
immediately after the flash in pure ClNO and ClNO mixtures in agreement with observations 
of previous workers.  A wide range of ClNO pressures (0.3 to 30 torr) and of inert gas (0 to 
400 torr) was investigated.  Figure 1 shows a selection of spectra illustrating the appearance 
and decay of NO╪.  Higher resolution spectra were also obtained with the Monospec-array 
arrangement, e.g. figure 2, and were used to identify the observed UV absorption bands of 
NO by reference to published data  (Huber and Herzberg, 1979). All the bands were assigned 
and corresponded in most cases to transitions from more than one vibrational state and are 
summarized in Table 1. 

 
 

Figure 1. Absorbance spectra of 4 torr ClNO, 1/25 Argon, at various delays after photo-
flash. 

 

 
Figure 2. Higher resolution absorbance spectra of 1.5 torr ClNO, 1/100 Argon, at 

various delay times after photo-flash. 
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 Absorption due to highly vibrationally excited NO╪ disappeared rapidly and only 
bands originating from v"=1 were detectable after 50µs. Highly vibrationally excited NO╪ 
decayed rapidly (within 10 µs) and its decay rate increased with ClNO pressure.  Due to the 
finite duration of the photoflash and of the probe, measurement of NO╪ decay rates was 
possible only for low initial ClNO pressures (≤1 torr) and for low lying vibrationally excited 
states of NO╪ (v"=1,2). These two states have relatively longer lifetimes, and in the case of 
v"=1, show an initial build-up after the flash. The time dependence of NO╪ population in 
v"=1 and v"=2 for ClNO pressure of 1 torr is shown in Figure 3. The build-up of NO (v"=1) 
reflects the combined decay rate of NO╪ (X2Π, v"≥2) population. The ground state NO (X2Π, 
v"= 0) was difficult to monitor due to the strong continuous absorption of ClNO resulting in 
complete saturation of the weak intensity probe pulse in that region. 
 
 

 
 

 
 

Figure 3. Build-up and decay of vibrationally excited NO╪ ( X2π, v"=1 and v"=2) 
after flash photolysis of 1 torr of ClNO. 

 
 
 
The transient UV absorption continuum 
 
 Immediately after the flashing of either pure ClNO or ClNO/inert gas mixtures, a 
strong continuous absorption could be detected in the wavelength region between 230 and 300 
nm. Figure 1 shows a typical example of the type of behavior observed. The temporal 
dependence of the continuous absorption was investigated using data available from spectra 
taken at various delay times. Plots of absorbance versus time at fixed wavelengths (chosen 
where NO does not absorb) are shown for 4 torr of ClNO in Figure 4.  Similar plots were 
obtained at other wavelengths between 230 and 400 nm and for other ClNO/inert gas 
pressures. 
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Figure 4. Temporal dependence of 4 torr ClNO absorbance, 1/25 Argon, at 260 

nm ( O ) and at 340 nm ( ●). 
 
 All plots obtained at monitoring wavelengths below 270 nm show similarity in 
shape. A close inspection of the spectra shows that two temporally distinct transients are 
present i.e. an initial fast rise and decay followed by a slower build-up and decay. The 
spectral shapes of the two transients are also different. The spectrum of the slow transient 
shows strong similarity with a red-shifted ClNO absorption spectrum (for λ ≤ 270 nm), i.e. 
low absorption at long wavelengths increasing rapidly at shorter wavelengths, while the fast 
transient shows a smaller increase in absorbance at shorter wavelengths.  This suggests that 
two different species are contributing to the absorption at different times. On the other hand, 
in the wavelength region between 230 and 270 nm, the absorption of NO (v" =0) and Cl2 is 
negligible, and if residual non-dissociated ClNO (< 40% of initial pressure) were the only 
species, an initial decrease of at least 60% in absorption would be expected. 
 
 At wavelengths greater than 270 nm, the picture is more complex due to Cl2 
absorption in that region. However at 330 nm, the absorption coefficient of Cl2 is almost twice 
(Demore et al., 1992) that of ClNO (ε(Cl2)=56 l.mole-1cm-1, ε(ClNO)=29.5 l.mole-1cm-1). On 
the other hand, photo dissociation of two ClNO molecules produces one chlorine molecule via 
reactions 1 and 2. Thus, it is expected that the absorbance of the gas sample at 330 nm should 
show an initial decrease reflecting reaction (1), followed by an increase, bringing it back to 
around its initial value (reaction 2). The recovery time of the absorbance at 330 nm should 
take place within the first few microseconds (reaction 2, p ≤1 torr). This, however, is not 
observed. An initial decrease is observed as expected followed by either a slow, weak 
increase or even further decrease, depending on ClNO and inert gas pressures. This suggests 
that either Cl2 or ClNO or both are not contributing to the absorption for long delay times 
after the flash (~100µs), i.e. they are in an excited state. 
 
 Analysis of the spectra and time dependence plots of the absorbance at various 
wavelengths reveals the existence of three different spectral regions: a- λ > 300nm, b- 240nm 
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< λ < 300nm and c- λ < 240nm. In region (a), the absorbance shows a fast decrease 
concurrent with the photoflash consistent with ClNO photodissociation resulting in NO╪  (or 
NO*) and Cl, which do not absorb in that region. In region (c), the absorbance decreases also 
with the simultaneous appearance of NO╪ bands.  
 

However, in the intermediate region (b) the temporal behavior is more complicated. 
In addition to the band absorption produced by NO╪ the background continuum shows an 
initial fast increase and decay followed by a slow build-up and decay. Two absorption 
transients with different temporal characteristics are thus present. The spectral characteristics 
of the two transients are also different providing additional evidence for the presence of two 
different excited species contributing to the continuous absorption at different times after the 
flash. 
 
 
Additional experiments 
 

In the experiments described so far, ClNO inert gas mixtures were photo dissociated 
using the full spectral output of the photolysis pulse (unfiltered). Because of low ClNO 
absorption above 270 nm, most of the ClNO is photo dissociated by light below 270 nm, 
producing high vibrationally excited NO (v"≤ 10). Therefore, the following additional 
experiments were carried out: 
 
a- Filtered photolysis pulse: λ ≥ 340 nm  
 

The above measurements were repeated with the photolysis pulse filtered by 
inserting a soda glass filter (thickness 5mm) in the photolysis cavity, allowing only light with 
λ ≥ 340 nm to reach the sample. Under these conditions total percentage photodissociation of 
< 10 % was obtained at all ClNO pressures. Figure 5 shows a selection of spectra at various 
delay times at 4 Torr of ClNO pressure. No vibrationally excited NO╪ (v"≥2) is detectable. 
Observation below 240 nm was hampered by strong background absorption. 

 
 

Figure 5. Absorbance spectra of 4 torr ClNO at various delay times after filtered 
photo-flash  (λ (photolysis) > 340 nm). 
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 A transient continuous absorption was however observed similar in its spectral 
shape and kinetic behavior to the slower transient continuum observed for short 
λ photodissociation presented in the previous section. The build-up and decay rates of the 
transient absorption showed a marked dependence on ClNO pressure, i.e. enhancement with 
pressure increase, while the amplitude decreased slowly with increasing inert gas pressure.  
 
   
b- Filtered photolysis pulse: λ ≤ 340 nm  
 

Additional experiments were also carried out in which the photoflash light was 
filtered to allow only light below 340 nm to reach the gas sample (NiSO4+COSO4 aqueous 
solution). The results obtained were identical to the unfiltered flash observations, with slightly 
lower percentage photo dissociation. 

 
 
c- Excess chlorine Cl2, filtered photolysis pulse: λ ≥ 340 nm 
 

Nitrosyl Chloride was also photo dissociated in the presence of excess chlorine 
using the filtered photolysis pulse (λ ≥ 340 nm) of arrangement a. Under these conditions, i.e. 
photolysis wavelength λ ≥ 340 nm, more than 95% photodissociation was observed within 2 
µs after the photoflash. No vibrationally excited nitric oxide and no transient increase in 
background absorption were observed. The spectral change in absorbance is shown in Figure  
6. The only absorption bands, observed directly after the flash, are from ground state NO 
(X2Π, v"=0) to A2Σ (v’=0,1) at 226 and 215 nm respectively. The dissociation process under 
these conditions is due to reaction (2) where Cl is produced by direct photo dissociation of Cl2 
molecules. 

 
 

 
 

Figure 6. Absorbance spectra of 1 torr ClNO, 1/500 Cl2, before ( dotted line) and 
2 µs after photo-flash (solid line ). 
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DISCUSSION OF RESULTS 
 
Kinetics of vibrationally excited NO╪ 

 
The spectra shown in Figures 1 and 2 indicate that vibrationally excited NO╪ is 

produced initially in levels up to v"=10 and decays rapidly, so that within 50 µs after the 
initiation of the photoflash, only the first level NO╪ v"=1 is appreciably populated. The decay 
rate of NO╪ (X2Π, v"≥ 1) increases with increasing ClNO pressures up to 400 torr. The build-
up and decay rates for v"=1 at 1 torr of ClNO were calculated from data summarized in 
Figure 3 to be (6 ± 1) and (0.7 ± 0.1) x104 s-1 respectively. The build-up rate of v"=1 provides 
an indication for the overall decay rate of all NO╪ (v"≥2) levels. This can be used to obtain a 
lower limit for the decay rate of NO╪ (v"≥2) (6±1) x104 s-1 at 1 torr of ClNO. The monitoring 
of NO╪ (X2Π, v"≥ 1) at higher ClNO pressure was not possible as explained previously. 
 
Population distribution of nascent NO╪ (X2Π, v"≥ 1) 
 
  The initial population distribution of vibrationally excited NO╪ (within 5 µs after 
the flash) was estimated by comparing the NO band intensities to the Franck-Condon factors 
of the corresponding transitions. Absorption intensities of the strongest bands observed were 
calculated by integrating the area under the band signal. However, since some of the observed 
absorption bands corresponded to the transitions from more than one vibrational state and 
since the present experimental set-up could not resolve rotational fine structure, accurate 
measurement of the population distribution was not possible and only an estimate was 
obtained. 
 
  Franck-Condon factors for all the electronic- vibrational transitions (Pearse and 
Gaydon, 1950; Huber and Herzberg, 1979) were compared with emission spectra of NO 
(B2Π→X2Π, A2Σ+→ X2Π) using UV laser (Gillan et al., 1992), and were found to reflect 
closely the oscillator strengths of the γ and β transitions. The results are summarized in Table 
1. The relative population of the observed vibrational states of NO╪ within 5 µs after the 
photoflash is plotted in Figure 7.  

 
Figure 7. Relative population distribution in NO, 5 µs after photoflash. 
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Total concentration of nascent NO╪ (X2Π, v"≥ 1) 
 
 The initial total concentration of NO╪ (X2Π, v"≥ 1) produced directly after the flash 
was estimated by calculating the percentage of ClNO molecules dissociated by the primary 
process (1), i.e., half the total dissociation, since the secondary dissociation process is known 
to produce ground state NO╪ (X2Π, v"=0). The total percentage dissociation was obtained by 
measuring the ClNO absorbance at wavelengths where Cl2 and NO ( the two other species 
present in the gas sample) absorption is negligible (e.g. 230  and 270 nm) at delay times 
between 10ms and 100 ms.  
 

Time delays in this range insure that all chemical and kinetic reactions have 
terminated, that the gas sample is close to room temperature and that ClNO recombination  
(reaction 3) is still negligible. Measurements at these wavelengths showed that total 
percentage dissociation of 60-70% were achieved with unfiltered flash at all ClNO pressures, 
the lower value corresponding to the highest ClNO pressures used. For the highest ClNO 
pressures, total initial concentrations in the order of 3 x1017 molecules. cm-3 were estimated 
for nascent NO╪ (X2Π, v"≥ 1).  

 
 

Interpretation of the transient continuous absorption spectra. 
 
 As shown previously, when Nitrosyl Chloride-inert gas mixtures are UV photolyzed 
using the full spectral output of the flash (or the filtered flash giving λ ≤ 350 nm), a transient 
absorption continuum is observed between 230 nm and 300 nm which is red-shifted with 
respect to the initial ClNO spectrum. Inspection of the data indicates that there are in fact two 
temporally distinct transients at 260 nm, a fast one, rising within the flash and decaying 
within 10 µs, followed by a slower build-up and decay over a time period of 50 to 100 µs.  
 

It is suggested that this first, or fastest, transient is due to near resonant exchange 
from NO╪ into the ν1 mode of ClNO and that this is rapidly degraded via the ν2+ν3 ladder to 
ν3 and thence to translational energy. Evidence for this transfer is provided by the data 
presented earlier.  The NO╪ population distribution shows a dip at v"=3 suggesting that rapid 
resonance vibrational energy transfer to ClNO (100) is already important during the first 5µs 
after the flash leading to faster depletion of NO╪ vibrational levels in near resonance with 
ClNO (100). It can be verified by taking the anharmonicity constant of NO (~ 14 cm-1) that 
closest resonance between NO╪ and ClNO (100) would occur for v"= 3-4. This observation 
corresponds well with the red shift (5500 to 6000 cm-1) observed in the absorption spectrum 
of ClNO under the same conditions.  Additional evidence for this assignment is provided by 
the experiments with the filtered flash, where little or no NO╪ is produced as a direct result of 
photolysis and it can be seen that the initial fast transient absorption does not appear, only the 
second transient. 
 

Accurate determination of decay rates for the fast initial transient was not possible 
due to the limited time resolution of the system. However, a lower limit for the rate constant 
for ClNO╪ quenching can be derived, by considering the reciprocal of the time taken by the 
fast transient amplitude to decay to 1/e its initial value at the pressures investigated. 
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TABLE 1 
NO Absorption Band Intensities and Franck-Condon Factors 

 
Band Intensity 

(Relative) 
Wavelength 

( nm) 
Transition 

(v’-v”) 
 

q(v’-v”) a 

 
- 

 
226.4 

 
γ (0-0) 

 
1.67 (-1) 

 
 
1800 
 

 
236.5 

 
γ (0-1) 

 
2.65 (-1) 

 
560 

 
243.5 

β (3-4) 
β (1-3) 
δ (2-9) 

7.0 (-2) 
3.50 (-2) 
6.70 (-2) 

 
15000 

 
247.5 

 
γ (0-2) 
 

 
2.37 (-1) 

 
5050 

 
255.5 

γ (1-4) 
δ (1-8) 

1.36 (-1) 
3.70 (-2) 

 
1080 

 
259.0 

γ (0-3) 
β (4-6) 
β (2-5) 

1.60 (-1) 
4.70 (-2) 
7.80 (-2) 

 
400 

 
263.0 

γ (2-6) 
β (0-4) 

9.20 (-2) 
2.60 (-2) 

 
690 

 
267.0 

γ (1-5) 
β (1-5) 

1.30 (-1) 
1.10 (-1) 

 
750 

 
272.0 

γ (0-4) 
γ (3-8) 
β (4-7) 

9.0 (-2) 
6.90 (-2) 
4.90(-2) 

 
200 

 
275.0 

 
β (0-5) 
 

 
5.80 (-2) 

 
200 

 
276.0 

 
γ (2-7) 
 

 
5.90 (-2) 

 

a- (-2) represents x 10-2 

 
Assuming 30% initial ClNO photodissociation and that all NO╪ molecules produced initially 
exchange energy with residual ClNO at the same rate regardless of their vibrational 
excitation, a lower limit for the rate constant of 4x10-12 cm3.molecule-1.s-1 is obtained.  
 

Concerning the second absorption transient, data relevant to the nature of the origin 
of this transient are provided by the additional experiments presented the Results section. In 
the experiments with the filtered flash, relatively little or no NO╪ is produced as a direct result 
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of photolysis and it can be seen that the initial fast transient absorption does not appear, only 
the second transient.  The vibrational energy transferred to ClNO in this case is provided by 
vibrationally excited Cl2

╪ produced in the secondary reaction (2) which is the only other 
species present in the sample after the flash, other than vibrationally cold NO and non-
dissociated ClNO.   
 

Additional evidence for this assignment is indicated by experiments with excess 
chlorine where neither NO╪ nor a red transient shift is observed. Under these conditions 
complete photodissociation of ClNO occurs within the duration of the flash. The dissociation 
process under these conditions is due to reaction (2) where Cl is produced by direct photo 
dissociation of Cl2 molecules. The maximum vibrational excitation of Cl2 (v"≤ 13) is 
determined by the exothermicity of reaction 2 (80.42 kJ mole-1). The energy transfer, in this 
case occurs into the ν2 mode of ClNO followed by intra-molecular exchange into the ν3 mode 
and than into translational energy.   
  
 Further evidence in favor of these assignments can be obtained from consideration 
of the UV absorption spectra of ClNO and ClNO╪. The UV absorption of ClNO at longer 
wavelengths should be dominated by the N=O bond chromophore absorption. Since the ν1 
mode is almost entirely associated with stretching of the N=O bond, population changes 
within the energy levels of this mode will be most readily observed in the spectral region 
dominated by the absorption of this group. The ClNO╪ spectrum measured in this study 
shows a red shift in the wavelength region below 300 nm and a complete disappearance of the 
absorption band around 330 nm.   
 
  Finally, measurements of the temperature dependence of the ClNO absorption 
spectrum in the UV (Roehl et al., 1992) show that the absorbance in the wavelength region of 
maximum absorption (190-240 nm) falls rapidly with increasing T, indicating that this region 
is dominated by vibronic contributions from ν2 and ν3. It seems reasonable therefore to 
identify the transients observed at 260 nm to excitation of the ν1 mode, the early transient 
being due to transfer from NO╪ produced directly by the flash, and the later transient due to 
transfer from Cl2

╪ into ν2 followed by intermolecular exchange to ν3, this process being in 
competition with collisional quenching of ClNO╪.  
 
 

CONCLUSION 
 
 The paper reports the studies on the spectroscopic and kinetic properties of 
vibrationally excited Nitrosyl Chloride and Nitric Oxide NO (X2Π , v"≤ 10) observed in UV 
absorption, following incoherent UV (λ ≤ 360 nm) photodissociation of ClNO-inert gas 
mixtures. We presented convincing evidence for the interpretation of the transients in terms of 
vibrationally excited ClNO╪, produced by near-resonance vibrational energy transfer from 
nascent NO (X2Π , v"≤ 10) into the ν1  vibrational mode of ClNO and from Cl2

╪ formed in the 
subsequent reaction of Cl atoms with ClNO into the ν2 mode of ClNO, respectively.  
 
 The results presented here have important implications for the development of new 
coherent laser sources in both the UV and IR regions of the spectrum. The present results 
show that complete photodissociation of ClNO by the primary process (1) is required to 
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achieve efficient production of NO╪, in order to reduce rapid energy loss by transfer to 
residual undissociated ClNO. However, this could not be achieved by means of the Xenon-
filled linear flash lamps used in this study whose spectral output did not match efficiently the 
region of peak absorption of ClNO (around 200 nm). The use of incoherent light sources to 
create population inversion in NO by photodissociation of ClNO necessitates the development 
of flash-lamps that have enhanced UV output between 180 nm and 220 nm, a fast rise-time (~ 
1µs) and high output intensities capable of complete photodissociation of ClNO pressures up 
to 20 torr.   
 

Conversely, photodissociation conditions could be tailored in the other direction, 
i.e. to produce vibrational energy pooling in the relatively long-lived ClNO (0n0) of the ν2 
vibrational mode, in order to obtain population inversion and therefore stimulated laser 
emission in the middle infrared around 16 µm. The laser emission, thus obtained, should be 
line-tunable over a number of rotation-vibration transitions.  A photochemical infrared laser 
around 16 µm would therefore be feasible. 
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