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Photodissociation of methyl nitrite: State distributions, recoil velocity 
distribution, and alignment effects of the NO (X 2I1) photofragment 

u. BrOhlmann, M. Dubs, and J. Robert Huber 
Physikalisch-Chemisches Institut der Universitiit Zurich, Winterthurerstrasse 190, CH-8057 Zurich, 
Switzerland 

(Received 2 September 1986; accepted 24 October 1986) 

The photodissociation ofCH30NO ..... CH30 + NO at 363.9 nm generates vibrationally, 
rotationally, and translationally excited fragments (f~~ = 3%,f:? = 15%,f~.?.s = 33%). By 
means of two-photon LIF and sub-Doppler spectroscopy in combination with various 
polarization schemes of dissociation and probe lasers, the nascent NO(X 2n) photofragment 
,,:as ~har.acterized with respect to state distributions and three-dimensional recoil velocity 
dlstnbutlon. Furthermore, the rotational alignment and the A-state populations were 
determined. Through the rotational alignment dependence of Doppler profiles probed by 
differently polarized transitions (R and S), the J-v vector correlation was assessed. Based on 
these results, stereochemical and dynamical information about the dissociation was obtained 
which shows that the fragmentation process is planar and takes place within 210 fs. 

I. INTRODUCTION 

The chemical decay of an isolated, photoexcited mole
cule has become a research topic of great interest. 1-3 Owing 
to the laser as a dissociation source and as a spectroscopic 
tool for fragment analysis, the features of a photodissocia
tion process can be explored in exceptionally fine details. 
More specific, the application of the laser-induced fluores
cence (LIF) technique4-8 in combination with Doppler 
spectroscopy8.9 and the use of various polarization schemes 
between dissociation and probe laser beams, permit com
plete characterization of the state distribution and transla
tional energy distribution of the photofragments including 
their spatial properties such as electron and rotational align
ments and fragment anisotropy. 

Among the molecules whose photodissociation has re
cently been investigated in great details by LIF spectroscopy 
are H20,IO·11 H20 2,12 NCNO,13 HONO,14 and dimethylni
trosamine (CH3 hNNO. IS The latter belongs to the type of 
polyatomic molecules R-NO that we have been studying in 
our laboratory for some time, 16 with the NO fragment being 
analyzed by polarized two-photon LIF. IS Compared to one
photon LIF, this method is more involved since it requires 
knowledge of two-photon line strengths of nonisotropic 
samples in order to transform the measured fluorescence in
tensities into state popUlations, but it is more sensitive to the 
important alignment effects. 

Methylnitrite may be photofragmented according to the 
scheme: 

+NO 
(1) 

+HNO 

Careful TOF measurementsl7 have confirmed 18 that after SI 
excitation only channel I is effective, leading to methoxy 
radical and NO. Recently performed ab initio MCSCF cal
culations of the SI potential energy surface ofCH30NO pre
dict the surface to be dissociative and the exit valley to in-

volve a significant interplay of the O-N and N = 0 
coordinates. 19 

In a previous study, Lahmani et al. 20 measured the ener
gy disposal into vibration and rotation of the NO fragment 
after excitation into various overtones of the N = 0 stretch
ing mode V3 in the SI state. The most interesting result con
cerned the strong vibrational excitation of the NO fragment 
which increases with increasing higher overtone excitation. 
The authors interpreted this result as a retention of vibra
tional energy initially deposited into the N = 0 stretch of the 
parent. A similar interpretation might be inferred from the 
photodissociation data of HONO obtained by Vasudev et 
al.,14 although these authors discussed their findings with a 
different model. 

In the present study we report on the photodissociation 
of CH30NO at 363.9 nm corresponding to excitation into 
the 3~ vibronic band of the SI state. In contrast to HONOl4 

or H20 2, 12 which show a quasidiatomic behavior with nearly 
all of the available energy channeled into translation, the 
polyatomic molecule CH30NO-like the related 
(CH3hNNO (Ref. 15)-gives rise to a broad energy distri
bution involving all degrees offreedom. Using the same tech
nique and analysis procedure as in case of (CH3)2NNO,t5 
we obtained an almost complete characterization of the state 
and translational energy distributions of the NO fragment 
emerging from excited CH30NO. The results provide a de
tailed picture of the dissociation process of a polyatomic 
molecule with respect to decay dynamics and stereochemi
cal aspects. 

II. EXPERIMENTAL 

A description of the experimental set up has been given 
in a previous publication. IS In the present experiments, the 
dissociation laser beam (d) and the probe laser beam (p) 
were crossed either counterpropagating at an angle of IS or 
at right angle in a gas cell flowed continuously by CH30NO. 
Both dye lasers were pumped simultaneously with the same 
excimer laser (Lambda Physik EMG 101 MSC, 308 nm). 
The probe laser pulse was optically delayed for 10 ns which 
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was sufficient to establish negligible collisional effects at a 
sample pressure < 150 mTorr. The probe laser (Lambda 
Physik FL2002E) was operated without etalon (linewidth 
< 0.2 cm -I) to probe the rotational populations and with an 
intracavityetalon (Iinewidth <0.05 cm- I

) to measure the 
Doppler profiles. In addition t<? the previous setup, a ther
mally stabilized confocal etalon (Tecoptics, finesse 20-30, 
400-500 nm) was mounted behind the sample cell to con
tinuously monitor the bandwidth ofthe probe laser. The dis
sociation laser was a homemade Hansch-type dye laser 
(linewidth <0.4 cm- I

). The e vectors of both beams were 
polarized parallel to the direction of the fluorescence detec
tion. The fluorescence (LIF) of the NO fragment was in
duced via a two-photon absorption process. Using a Fresnel 
rotator, the electric vector of the dissociation laser beam ed 

was set to fJ = 00 and 900 at each wavelength scanned, where 
fJ denotes the angle between ed and e". The degree of polar
ization of the laser beams was measured with an additional 
polarizer (Lambrecht, resolution 10') and was found 
> 99% for the dissociation laser beam and> 97% (two
photon process) for the probe laser beam. The intensity of 
the unpolarized portion of the probe laser beam was too low 
as to contribute to the two-photon LIF intensity. Saturation 
effects6 and power broadening were carefully avoided by 
keeping the laser pulse energies low, i.e., < 2 mJ/pulse and 
< 1 mJ/pulse for the dissociation and probe laser, respec
tively. 

The fluorescence of the NO fragment was detected 
through a Schott filter set (UV-R-250), with a photomulti
plier (Hamamatsu RI66UH) which was connected to a four 
channel gated integrator (Stanford Research Systems, Mod
el SR250). Simultaneously with the LIF signal, the intensi
ties of the laser beams were recorded by means of two photo
diodes, allowing an accurate correction for pulse to pulse 
laser energy fluctuations. The interference signal from the 
confocal etalon was also fed into the integrator. To accumu
late the integrated signals, a Digital Minc 11 laboratory 
computer was utilized which also controlled the tuning of 

I 
454 

I 
450 

the probe laser as well as the operation of the Fresnel rotator 
and the pulse rate (6-8 Hz) of the excimer laser. 

CH30NO was prepared according to a published proce
dure. 2I It was purified by several low temperature vacuum 
distillations. 

III. RESULTS 
A. Absorption spectrum 

The SI (mr*) +-So absorption of methyl nitrite (cf. Ref. 
20) is dominated by a progression of the N = 0 stretching 
vibration V3' The vibronic bands appear to be broadened 
mainly due to a superposition of the cis and trans isomers 
whose absorption bands are slightly shifted with respect to 
each other.22 The dissociation laser was set at 363.9 nm 
which corresponds to excitation of the cis form into the 3~ 
vibronic band. In the ground state the cis confonnere is more 
stable by 2.94 kJ/M than the trans conformerez3 yielding a 
molar ratio [cis 11 [trans] = 1. 7. This fact together with the 
displaced maxima of the cis and trans vibronic bands justifies 
the assumption that, using the excitation wavelength given 
above, a selective excitation of the cis form is achieved. 

B. Rotational population distribution 

Figure 1 shows the two-photon LIF spectrum 
[A z1;+ (v' = 0) +-X zn(v" = 0) transition] of the nascent 
NO fragment after a parent molecule excitation at 363.9 nm. 
The upper part corresponds to ePlled

, the lower one to epled• 

Under our experimental conditions 12 of the 20 subbranches 
were resolved. Only clearly nonoverlapping rotational lines 
were analyzed using the expression for the intensity of two
photon LIF ofphotofragmentsl5 

S (2)( ",J" , AJ) 
1 (fJ) =K a ;a ,~ n(a" J") 

tl 2J" + 1 ' 

I 
446 

X [q(O)(J",aJ) + q<Z)(J",aJ) 

X A i/l (J" )Pz(cos fJ)], 

(nm) 
I 

442 

(2) 

FIG. 1. Two-photon LlF spectra of the nascent NO fragment [21: + (v' = 0) +- 2n (v' = 0) 1 after photodissociation ofCH30NO at 363.9 nm. The upper part 
shows the recording with probe laser polarization parallel to dissociation laser polarization, the lower part that with perpendicular polarization. The different 
intensities between these two spectra indicate a significant alignment effect. 
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S 
II 

'> . 
~ 

c 

10.5 

where n(a" ,J") and 5(2) are the population of the probed 
state with angular momentum quantum number J" and 
further quantum numbers a", and the rotational line 
strength of two-photon absorption, respectively. The latter 
was taken from the work of Halpern et al.24 The constant K 
comprises all fixed parameters such as beam diameters and 
detector collection angle while flJ = J' -J ". The bracket 
term, which describes the angular dependence, contains the 
molecular alignment A b2

),4,5 and the detector polarization 
sensitivity expressed by the functions q(O) and q(2). The latters 
were given in a previous publication. 15 

P2 «() = ~(3 cos2 
() - 1) is the second Legendre polynomial 

with () being the angle between the dissociation and the 
probe polarization vector (ed and fi'). 

The nascent NO fragment is rotationally highly excited 
( (J ) - 30) and can therefore be described by Hund's case 
(b), the total angular momentum being J = N + S with 
N = R + L.25 Nand S are weakly coupled. The singly, un
paired electron in the P1T lobe of NO gives rise to L = ± 1 so 
that a nonrotating molecule has N = L = ± 1 and 
5 = ± 1/2. Consequently the various combinations give 

30.5 50.5 J" 

FIG. 2. Rotational state population distribu
tions of the four sublevels in the NO fragment 
after photodissociation of CH30NO at 363.9 
nm. The distributions on the left-hand side re
fer to the vibrational state v· = 0, that on the 
right-hand side to v· = 1. The solid line is a X2 

fit with a Gaussian-like function. 

rise to four states, i.e., the two spin states F l en l/2 ) and 
F2en3 /2) each of which possesses a A doublet n+ en+ 1/2' 

2n+ 3/2 ), and n- en_1/2' 2n_3/2 ). The 10werlyingFI state 
is separated by -120 cm -I 25 from the F2 state and the A 
states are of different parity. Thus, investigating the A states 
by means of a two-photon transition, the n+ states (sym
metric with respect to the plane of rotation) are probed via 
the 0, Q, and 5 branches with the initial levels being Fie or 
F2f• The n- states (antisymmetric) are probed via thePand 
R branches starting fromFlf or F2 •• Using the weaker satel
lite branches, such as QR I2, sR21> the opposite probing 
scheme applies. 

Figure 2 shows the distribution of the rotational state 
populations of nascent NO in the vibrational levels v" = 0 
and v" = 1 following dissociation at 363.9 nm. The popula
tions are given for the two A-doublet states in each of the two 
spin states. These distributions are strongly non-Boltzmann. 
They can be fitted with a Gaussian-type function of the form 

n (J") = const e - (J. -J)'/(t;J)' (3) 

which is centered at J and has a width 8J. 

TABLE I. Fragment energy distribution after photodissociation of CH30NO at 363.9 nm. (The energies are given in cm -I.) The value Ewcight of NO is a 

weighted sum with respect to the vibrational populations (g,~o = 0.75, g,~ I = 0.25). 

NO (X 2O) 

v· = 0, g, = 0.75a v· = I, g, = 0.25" 

Etrans 4750 3950 

Erot' 20_ 1/2 (0.39)b (0.36)b 

20_3/2 (0.31) (0.32) 
2150 1750 

2°+ 1/2 (0.15) (0.17) 

2°+3/2 (0.14 ) (0.15) 

Evib 0 1880 

Eel 50 50 

E_ 6950 7630 

• Vibrational populations according to Lahmani et 01. (Ref. 20). 
b Weights according to the rotational population of the four SUblevels . 
• Conservation law E trans (NO)IE"ano (CH30) = m(CH30)lm(NO). 

E weight (% Eavl ) 

4550 (33) 

2080 (15) 

470 (3.4) 

50 (0.4) 

7150 (52) 

NO(v=O) 

4600" 

1200" 

950' 

6750 

dEstimation based on the assumption J(NO) = - J(CH30), i.e., Erot(CH30)IErot (NO) "",Be (CH30)IBe(NO) "",0.56. 

eEv;b(CH30) = Etotal(CH30) -Et .... (CH30) -Erot (CH30); E tota1 (CH30) = Eavl -EtotaJ(NO). 
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NO(v= I) 

3800" 

980<1 

1290' 

6070 

 Reuse of AIP Publishing content is subject to the terms: https://publishing.aip.org/authors/rights-and-permissions. Downloaded to  IP:  130.60.152.66 On: Thu, 24 Nov

2016 11:44:16



1252 BrOhlmann, Dubs, and Huber: Photodissociation of methylnitrite 

Since the rotational distributions conform well with 
such a Gaussian for all NO states probed, the fitted functions 
were taken to derive the individual energy contributions of 

2 2 2 2n . h 'b the n+ 1/2, n+ 312, n_ 1/2, and -312 states In t e VI ra-
tional states v" = 0 and v" = 1. To this end the value of the 
distribution function at a given J" was multiplied by the 
corresponding rotational energy as calculated with known 
rotational constants,26 and then weighted with respect to the 
normalized integral of the Gaussian function. To take the 
vibrational energy distribution into account, the recently re
ported, relative populations of the v" = 0 and v" = 1 states, 
0.7S and 0.2S, respectively,20 were used as additional weight
ing factors. The result is given in Table I. The rotational 
energy content in state v" = Ois -21S0cm- ' , that in v" = 1 
is - 17S0 cm -I. Most significant, however, is the preferred 
population of the A state n - which shows about twice the 
population ofthe n + state at J. The higherlying spin state F2 
is slightly less populated than the FI state; the population 
ratio F, :F2 = 0.S4:0.46. The spread of the rotational energy 
distribution in terms of the FWHM value is 1970 cm - I for 
v" = 0 and 1770 cm - I for v" = 1. 

Furthermore, J(F, ) - J(F2 ) ~ 1. When n in Fig. 2 is 
plotted as a function of N = J ± 1/2 instread of J, the rota
tional populations of the F, and F2 spin states are, within 
experimental error, identical as has been found in the 
(CH3)NNO photolysis. 15 

The Gaussian-like rotational distributions are in agree
ment with the angular reflection principle for scattering and 
photodissociation processes. 27 According to this principle, 
the rotational distribution reflects the Gaussian-like shape of 
the ground and excited state wave functions. In the case of 
CH30NO, the high rotational excitation of the fragment NO 
is created via a short lived ( < 210 fs, vide infra) transition 
state, through the considerable torque caused by the repul
sion along the dissociating bond. 

The previously published20 rotational population distri
butions n (J") were not corrected for rotational alignment 
and detector polarization sensitivity. Since these effects are 
important, as shown below, the n (J" ) distributions given by 
Benoist d' Azy et al.20 are merely approximate and the rota
tional energies derived from these distributions have to be 
considered estimations. 

C. Population of the A doublets 

The selective population of one state of a A-doublet pair 
indicates that the p1T orbital lobe of the NO fragment con
served some of the orientation of the correspondingp1T orbi
tal in the excited parent molecule just before the dissociation 
process.28 A preferential population of the n- doublet state 
implies a parallel orientation of the singly occupied p1T orbi
tal with respect to J. The p1T orbital is antisymmetric to the 
plane of rotation of the NO fragment. The n + state, on the 
other hand, lies in the plane of rotation.29 The stereochemi
cal implications29.3o of a selective A-state population in the 
NO photofragment will be discussed below. 

As evident from Fig. 2, the n- state is significantly 
higher populated than the n + state. The degree of orbital 
alignment may be expressed in terms of the population ratio 
PR = n - /n + or the degree of electron alignment 

fl112(V"=0) 

-
+ I 

a'-t::t:: 
1+ 

I + _ 
t::t:: 

" « - • UJ - • Cl 

• • •• • 
-
• 

• 0 I I 

20.5 30.5 40.5 50.5 
J" 

FIG. 3. Population distribution between the 11- (antisymmetric with re
spect to the plane of rotation) and 11+ A-doublet states in NO (X 211'/2' 

v" = 0) following CH30NO photodissociation at 363.9 nm. The distribu
tion is expressed in terms of the "degree of electron alignment" DEA (J.). 

DEA = (n- - n+)/(n+ + n-).29 A complete electron 
alignment is achieved when DEA = 1. Figure 3 shows DEA 
as a function of J" for the n l/2 spin state of the NO(v" = 0) 
fragment. According to the fit, the highest probed rotational 
level (J" = SO.S) furnishes a DEA value of 0.7. Within the 
experimental error, the same value was found for the n3/2 

state. This result implies a high degree of electron alignment 
being close to the theoretical value of 0.8 (NO, J = SO.S) 
which is obtained when the expression given by Andresen 
and Rothe [Eq. (S) in Ref. 29] is applied. 

D. Rotational alignment 

An anisotropic distribution of angular momenta is mea
sured by means of the polarization behavior of the NO flu
orescence.1t can be described by alignment parameters A iLl 
which correspond to the multipole expansion terms of the 

d · . 457311 th total angular momentum enslty matnx. . . . n e pres-
ent case of an initially isotropic ensemble whose molecules 
are excited with linearly polarized light via a one-photon 
electric dipole transition, the single parameter A 62), i.e., the 
quadrupole term of the expansion, provides an adequate de
scription of the alignment. 

Using two-photon LIF, a bulk value A 62) can be de
duced from the ratio of the fluorescence intensity measured 
at the angles e = 0° and 90° between ed and ~ while keeping 
all other parameters constant, IS 

-- 2[1 (0°) -1 (90°) ]q(O)(J",W) 
A (2) (J") _ ft ft (4) 

° - [1ft (0°) + 21ft (90°) ] q(2)(J" ,W) . 

In addition to this straightforward procedure, we also ap
plied the linear regression method and determined the polar
ization ratio 

R = _2,::..[ 1.::..ft _( 0_0)_-_1_ft_( 9_0_
0

)-=-] 

1ft (0°) + 21ft (90°) 
(S) 
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A(2)~----------------------------------' 
a 

1.0 
NO(y": 1-y'" 0) 

0.5 

20 30 40 50 J" 

FIG. 4. Rotational alignment A ~2) (J") of the NO(X 2II) photofragment 

obtained from the polarization ratio [Eq. (5)]. The error bars indicate stan
dard deviations. 

for differenttransitions atthe sameJ" value. The A ~2) (J") 
value was then obtained from the linear regression slope of R 
as a function of q(2)(J" ,AJ)lq(O)(J II ,AJ) for each J ". Both 

procedures gave the same A a2
) value, namely 0.47 ± 0.02 

and 0.46 ± 0.02 when the v" = 0 and v" = 1 vibrational 

states were probed, respectively. Disregarding the A a2
) val

ues of the very weakly populated highest and lowest J II levels 
displayed in Fig. 4, no significantJ /I dependence of the align
ment parameter is observed as expected for J "> 15. 

diss. 

1 
+3000 

I 
+3000 

probe 

I 
-3000mls 

I 
-3000mIs 

diss. probe 

E. Doppler line shape and velocity distribution 

The Doppler line shape was measured at carefully se
lected levels J" = 26.5 in v" = 0 and J II = 33.5 in v" = 1 of 
the photofragment NO. Each level was probed in the R 12 and 
S22 branches utilizing the following four configurations of 
dissociation and probe lasers: ed lIeP; JCi IIkP (case A), ed leP; 
kdllkP (case B), edlleP; kdlkP (case C), andedleP; kdlkP (case 
D). This gives rise to eight Doppler profiles, shown in Fig. 5, 
from which we extracted the mean translational energy Eo 
the !lEt (FWHM) of the translational energy distribution, 
and the anisotropy parameter p. The analysis procedure was 
the same as described earlier. 15 Briefly, for a linearly polar
ized dissociation laser, the nonisotropic recoil velocity distri
bution iS32 

W(v,8) =_1_ W(v)[l +PP2(cos8)], 
41T 

(6) 

where 8 denotes the angle between ed and the recoil direction 
and v = Ivl' W(v) is the normalized, and over the angular 
distribution averaged, velocity distribution. Based on 
W(v,8) and the present conditions, the photofragment 
Doppler profile is given by33 

i
oo W(v) 

G(vk,x) = dv-- [1 +PP2 (cos X)P2(Vk1v)]. 
IVkl 2v 

(7) 

Here, vk is the velocity component in the probe beam direc
tion and X refers to the angle between ed and kP• This expres
sion is then convoluted with the parent velocity distribution 
and laser line shape to obtain the function which is fitted to 

o ,det., 
t::::DI ' 

I ' 

----:~;;S--+ 
£. probe _ dlss. 

I 
+3000 

I 
-3000mls 

FIG. 5. Measured Doppler profiles of the 
NO(X 2II,J" = 33.5, v· = 1) photofrag
ment after CH,ONO dissociation at 363.9 
nm using four different geometries for dis
sociation and probe lasers labeled case A
D (see the text). The upper row shows 
R 12-transition profik:s, the lower row 
those of an S22 transition. The abscissa is 
scaled in units of the velocity component 
Vk along the propagation direction of the 
probe laser. (The step size was 5x 10-5 

nm.) 
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the measured profiles of Fig. 5. In a first step, alignment and 
correlation effects are corrected for and the different A-state 
populations are taken into account, by constructing a prop
erly weighted sum of Rand S branch line shapes 
Gx (x = R,S) according to 

GRS(Vk'X) =WRGR(Vk,X) -WSGS(vk,X). (8) 

The weights Wx of this normalized function were derived in 
Ref. 15. The upper part of Fig. 6 exhibits the G RS (v k ,X ) 
profiles for the possible combinations. 

In a second step {3 is eliminated by combining two 
Doppler profiles measured at X = 0° and 90°, 

GiSO(Vk ) =jGRS(Vk,OO) +~GRS(Vk,900) 

= i oo 

dv W(v)/(2v). 
IUkl 

(9) 

The three "isotropic" profiles thus derived from the four 
GRS functions are shown in the lower part of Fig. 6. 

Instead of differentiating Eq. (9) to obtain W(v), we 
preferred--out of practical reasons-to simulate the 
Doppler profile by asserting the previously tested Gaussian
type function 15 

W [veE,) ]/mv(Et ) 

= (1Tl52E)-1/2 exp [ - (ET -ET)2/82E]. (10) 

The FWHM is U T = 2(ln 2) 1/28E. The best fit provided a 
distribution function W(v) with Et = 4750 cm- I and AEt 
= 2130 cm -I in the v" = 0 state, and Et = 3950 cm -I and 
tlEt = 1910 cm- I in the state v" = 1. 

Finally the anisotropy parameter {3 was determined in a 
separate fitting procedure, using Et , AEI' and GRS (vk,X) as 
obtained by the preceding method. The average value for {3 
probed in v" = 0 and v" = I was found to be - 0.65 ± 0.05. 

F. Correlation between J and v 

The fragment rotational motion and the fragment recoil 
velocity are each correlated with the alignment of the parent 

FIG. 6. Corrected Doppler profiles of the NO 
(X 2n,J' = 33.5, v' = 1) photofragment ob
tained from the line shapes given in Fig. 5. The 
upper row shows the profiles after summation 
of R'2 and S22 profiles according to Eq. (8). 
The solid line refers to a X2 fit providing,B (see 
the text). The bottom row shows the "isotrop
ic" profiles which were derived by summation 
according to Eq. (9). The solid line represents 
the r fit from which It, and tlE, was ob
tained. 

molecule transition dipole. Consequently J and v are corre
lated with one another. This also implies that the fragment 
rotational alignment A 62

) is dependent on v. Such a correla
tion should then be manifested in different Doppler line 

shapes with different A 62
) .15 

As is evident from Eq. (4), R(tlJ= + 1) and 

S(tlJ = + 2) transitions have different A 62
) values at a 

fixed probe/detection polarization [e.g., 
A 62

) (R;J = 26.5)/A 62
) (S;J = 26.5) = 1.53 in the v" = 0 

state]. Therefore, these transitions should give rise to differ
ent Doppler line shapes if an effective J-v correlation exists. 
A comparison of the Rand S profiles of Fig. 5 clearly shows 
that such a correlation is present. To express this effect in a 
more quantitative way we analyzed the profiles omitting the 
first step of the analysis procedure given above, i.e., we ig
nored alignment and correlation effects. Thus we fitted the 
measured Doppler line shapes with the function 

G~~(Vk) =!Gx(vk,OO) +~Gx(vk,900), (11) 

where x = R or S, and obtained Et and AEt for the individ
ual R - and S-branch transitions. The corresponding{3 values 
were then obtained by a fit to the Gx (vk,X) Doppler profiles 
given in Fig. 5. The results are summarized in Table II. The 
distinctly different values of the parameters for R- and S
branch transitions demonstrate the extent of the J-v correla
tion in the NO photofragment. 

IV. DISCUSSION 

The vibrational structure evident in the S, +-So absorp
tion of methylnitrite indicates that the lifetime of S 1 is longer 
than a vibrational period, 7> 3 X 10- 14 s. The moment l.I. of 
the S, +-So (1T* +-n) transition (f~O.OO1) is perpendicular 
to the plane of symmetry and localized in the N = 0 moiety. 
After the absorption process, the N = 0 bond is elongated 
according to a vibrational frequency change from 1610 
cm - , in the ground state to - 1000 cm - , in the S, state. The 
SI potential surface, calculated on the MCSCF level, pre-
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TABLE II. Effect of the J-v vector correlation measured for the NO (X 2113/2, v' = l,J" = 33.5) photofrag
ment. E" A.E, (FWHM) andpwere obtained fromx2 fits to measured Doppler profiles (Figs. 5 and 6). The 
mean recoil velocity v(E,) and v were derived from E, and the Doppler width ~VD' respectively, the latter 
being calculated from a simple linewidth measurement. The first column gives fully corrected values (see the 
text), while columns R and S show the values obtained from R- and S-branch transitions ignoring correlation 
effects. The errors represent statistical errors from several measurements. 

Cases A, B, C R S Error 

E, (em-I) 3950 4320 3470 ± 130 
v(E,) (m/s) 1775 1860 1660 ±50 

A.E, (FWHM)a (em-I) 1910 1810 1920 ±200 

P -0.65 -0.75 -0.55 ±0.05 

~VD (FWHM) (em-I) 0.297 

v = c· ~vDI(2vo) (m/s) 2090 

a Upper limit. 

dicts the reaction to proceed with an interplay of the O-N 
and N = 0 coordinates, releasing the NO fragment vibra
tionally excited. 19 

A. Fragment energy distribution and lifetime 

Since the dissociation energy was found to be D g 
= 14500 + 400 cm- 1 34 and the parent internal energy is 
_700cm-=1, excitation at 363.9 nm (27 480cm- 1) provides 
an available energy Eavl = Eo(CH30NO) +hVdiss -Dg 
= 13 700 ± 400 cm -1 which is distributed among the inter-

nal degrees of freedom and the recoil energy of the frag
ments, as given in Table I. 65% of Eavl is channeled into 
translation of both fragments. The NO (X 2n) fragment 
possesses 33% of Eavl as translational, 15% as rotational, 
3.4% as vibrational, and 0.4% as electronic energy, respec
tively. The finer partitioning between the two populated vi
brationallevels of NO reveals that the vibrational excitation 
in NO(v" = 1) is partially supplied by Etrans and E ro!' when 
compared to NO(v" = 0). The rotational energy distribu
tion among the spin and A-doublet sublevels given in Fig. 2 
shows the higher population of n- relative to n+ and the 
slightly preferred population of the lower n 1/2 over n3/2 
(vide supra). Moreover, under the assumption of angular 
momentum conservation, the energy partitioning of the 
CH30 fragment into Erat and Evib is presented in Table I. 

The prediction of an impact model in its "rigid limit" 
(i.e., neglect offragment vibrational excitation)35 is in fair 
agreement with the experiment. In terms of Eavl one finds 
33% and 18% translational and rotational energy, respec
tively, in NO. 

Similar to (CH3)2NNO,15 the photodissociation of 
CH30NO, generating rotationally, vibrationally, and trans
lationally excited NO (X 2n) fragments, furnishes a broad 
spread of recoil velocities W(v). Neglecting for a moment 
the small NO vibrational excitation, and assuming angular 
momentum conservation, the spread of the translational en
ergy distribution of NO corresponds to the vibrational and 
translational spread in CH30'. In accord with this expecta
tion the Doppler profile analysis provided a large W(v) 
width (FWHM) of -2000 cm- I (2100 cm- I in v" = 0, 
1900 cm- 1 in v" = 1). 

0.253 ±0.OO3 

1770 ±20 

The anisotropy parameter f3 = 2P2(COS (},), where (), is 
a fixed angle between ~ and v, is found to be - 0.65 ± 0.05. 
Its limiting value - 1 refers to a perpendicular recoil. Since 
the contribution of a transverse velocity component of recoil 
due to parent rotation is only minor ( - 1 % ), the observed 
reduction from - 1 can be attributed to parent rotation dur
ing the finite lifetime. The average recoil deviation angle is 
then 190· - (},I < 20·. Since the planar dissociation of 
CH30NO (vide infra) implies a perpendicular recoil to ~,f3 
provides the upper limit of the lifetime r of the dissociative 
state. Following the analysis of Busch and Wilson [Eq. 
(36) p6 we find r<2.1 X 10- 13 s for theSI stateofCH30NO 
excited at 363.9 nm. This lifetime is close to that of 
(CH3hNNO (r< 2.4X 10- 13 s), being longer than a vibra
tional period of the N = 0 stretch (3 X 10-14 s) but shorter 
than a rotational period of the parent molecule. Keller et 
al.37 have recently measured the angular distribution of the 
CH30NO in a molecular beam by means of the TOF tech
nique. In agreement with the present result, they found a 
f3 = - 0.7 ± 0.05 for Aexc = 350 nm. 

B. Stereochemical features of the dissociation process 
derived from rotational and electron alignments 

The correlation between the electronic transition mo
ment ~ and J, or in other words the alignment of fragment 
angular momentum, has found to be in terms of A &2) 
= 0.47 + 0.02. This value is not far from the limiting value 

of 0.84,5 ;hich implies that J is parallel to~. Thus the disso
ciation of CH30NO populates preferentially large Mi values 
( IMi 1-IJi I) of NO. Since the molecule is planar in the 
ground and SI state with ~ being perpendicular to the plane, 
this result predicts a dissociation process proceeding in the 

molecular plane. The reduction of A &2) from its maximum 
value can be attributed to parent rotation about the a and b 
axes (cf. f3 = - 0.65 instead of - 1) and to torsional mo
tions about the internuclear axis O-N. A comparison with 

the alignments of (CH3hNNO and C2H50NO, A &2) 
= 0.10 + 0.05 (1O<J"<35), and 0.38 ± 0.05 
(15<J "<40),15 respectively, shows an increasing alignment 
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with a decreasing size of the molecule. This might simply 
reflect an increasingly faster dissociation time. 

By measuring the relative populations of the II+ and 
II- A-doublet states, we probed the orientation of the singly 
occupied p1T lobe with respect to the NO plane of rota
tion.29,30 The strong preference for the II - state population 
observed, indicates a parallel orientation of the p1T lobe rela
tive to J. This P1T- orbital is anti symmetric to the plane of 
rotation of the free NO and the II- state correlates with the 
excited A " (n1T*) state ofCH30NO. Thus thep1T- lobe of 
NO has the same symmetry as the corresponding orbital of 
the parent molecule implying that the plane of rotation coin
cides with the plane of the molecule and that the fragmenta
tion process is planar. 

After completion of this paper, Lahmani et al.38 pub
lished results of a study on rotational and electronic aniso
tropy of NO following photolysis of CH30NO at 355 nm (3~ 
band). Using the same two-photon LIF technique and anal
ysis method 15 they found A a2) = + 0.5 ± 0.1 for J" 
between 20.5-40.5 in very good agreement with our result. 
This comparison has, however, to be considered with some 
caution because the excitation wavelength was different in 
the two studies. The SI potential surface of CH30NO was 
calculated to possess a shallow part in the vicinity of the 
excitation regionl9 which can give rise to product properties 
sensitive to the excitation energy. The A-doublet popula
tions were reported to show a clear preference for the II
level but the extent is somewhat different from ours. While 
Lahmani et al.38 found at J" = 40.5 a ratio II - III + ~ 2 for 
the FI state and - 3 for the F2 state, we obtained II - III + ~ 3 
but with no preference for one of the two spin states. Rota
tional alignment and selective A-doublet population indicate 
also in their work an essentially planar dissociation process. 
Even in the more complex (CH3)3CONO molecule 
Schwartz-Lavi et al.39 have found a similar stereospecifity 
upon photodissociation. Thus we may summarize, that the 
molecules (CH3)2NNO,15 (CH3)3CONO,39 C2H50NO, 
and CH30NO prefer a planar fragmentation process with 
respect to the geometry of the main frame (X-O-NO) when 
excited into the S 1 (n1T*) absorption. 

C. Correlation between J and v 

Since our first report on the correlation between the an
gular momentum anisotropy and the recoil velocity direc
tion observed in the NO photofragment from 
(CH3) 2NNO, 15 this effect has also been found in the photo
dissociation ofH20 2

12,40 and OCS.41 Dixon has given a theo
retical description of the J-v vector correlation which allows 
analysis of Doppler profiles for the case of a single recoil 
velocity.8 Such an analysis is, however, not yet possible for 
the complex dissociation process of a polyatomic molecule 
which possesses a broad recoil velocity distribution of the 
fragments. Therefore, we assessed qualitative features otthe 
vector correlation obtained through the alignment depen
dence of the Doppler line shape probing differently polar
ized transitions (Fig. 5). The effect is expressed by the devi
ation of the R - and S-Doppler profile parameters from those 
of a corrected profile (Table II). The result is similar to that 
found for (CH3)2NNO, but the correlation is more pro-

nounced in CH30NO. Following the arguments given ear
lier, 15,40 the shape (in particular the dip and wings) of the R
and S-Doppler profiles allows the conclusion that the corre
lation effect in NO is consistent with preferentially perpen
dicular J and v vectors. This perpendicular correlation is not 
unexpected in view of the fact that the rotational excitation is 
created by the torque around the c.m. of NO which in turn is 
generated by the repulsion along the dissociating O-N bond. 

V. CONCLUSION 

The photodissociation of CH30NO at 363.9 nm was 
studied by probing the internal state and the translational 
energy distributions ofthe NO (X 2II) fragment by means of 
a two-photon LIF technique. The NO fragment is generated 
rotationally, translationally, and vibrationally excited, giv
ing rise to broad rotational and recoil velocity distributions. 

The rotational alignment A a2
), the preferred population of 

the antisymmetric rr- A-doublet state, the anisotropy pa
rameter p, and the J-v correlation are consistent with a 
planar-or almost planar-dissociation process taking 
place in < 210 fs. 

In conclusion, the findings of this photodissociation 
study show quite clearly that even for a polyatomic molecule 
such as methylnitrite, the energy partitioning and the stereo
chemical behavior of the bond breaking process can be high
ly selective. 
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