
Photochemistry of ClNCO
J. V. Gilbert and R. D. Coombe 
 
Citation: The Journal of Chemical Physics 89, 4082 (1988); doi: 10.1063/1.454843 
View online: http://dx.doi.org/10.1063/1.454843 
View Table of Contents: http://scitation.aip.org/content/aip/journal/jcp/89/7?ver=pdfcov 
Published by the AIP Publishing 
 
Articles you may be interested in 
Spectroscopy and photochemistry of acetylene adsorbed on NaCl(100) 
J. Vac. Sci. Technol. A 11, 2078 (1993); 10.1116/1.578413 
 
Photochemistry of BrNCO and INCO 
J. Chem. Phys. 90, 171 (1989); 10.1063/1.456510 
 
IR multiphoton photochemistry of CF3Cl 
J. Chem. Phys. 74, 5008 (1981); 10.1063/1.441753 
 
Photochemistry of the chlorine monofluoride, ClF. Thermal and photochemical reactions with sulfur
tetrafluoride SF4 
J. Chem. Phys. 72, 2155 (1980); 10.1063/1.439311 
 
Infrared spectra and anharmonic force field of NCO− in CsCl, CsBr, and Csl 
J. Chem. Phys. 61, 5028 (1974); 10.1063/1.1681843 
 
 

 This article is copyrighted as indicated in the article. Reuse of AIP content is subject to the terms at: http://scitation.aip.org/termsconditions. Downloaded to  IP:

130.88.90.110 On: Fri, 19 Dec 2014 05:57:48

http://scitation.aip.org/content/aip/journal/jcp?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/327320036/x01/AIP-PT/JCP_ArticleDL_101514/PT_SubscriptionAd_1640x440.jpg/47344656396c504a5a37344142416b75?x
http://scitation.aip.org/search?value1=J.+V.+Gilbert&option1=author
http://scitation.aip.org/search?value1=R.+D.+Coombe&option1=author
http://scitation.aip.org/content/aip/journal/jcp?ver=pdfcov
http://dx.doi.org/10.1063/1.454843
http://scitation.aip.org/content/aip/journal/jcp/89/7?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/avs/journal/jvsta/11/4/10.1116/1.578413?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/90/1/10.1063/1.456510?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/74/9/10.1063/1.441753?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/72/3/10.1063/1.439311?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/72/3/10.1063/1.439311?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jcp/61/12/10.1063/1.1681843?ver=pdfcov


Photochemistry of CINCO 
J. V. Gilbert and R. D. Coombe 
Department of Chemistry, University of Denver, Denver, Colorado 80208 

(Received 14 January 1988; accepted 21 June 1988) 

The gas phase chemistry that occurs after the photolysis of CINCO at 248 nm is characterized 
by the action of two excited intermediates, NeD) and N2 (A). Each of these reacts with 
CINCO to generate NCO(A 2l; +), and blue emission from the NCO(A 2l; + _X 2n) 
transition is observed. The time profile of the NCO emission consists of two distinct 
components, a fast component arising from the NeD) + CINCO reaction and a slow 
component arising from the N2 (A) + CINCO reaction. The NeD) is an initial photofragment 
and the N2 (A) is generated in the NeD) + CINCO reaction. The value of the rate constant 
for NeD) + CINCO is determined to be 7.0 ± 0.8X 10- 11 cm3 S-I. The rate constant 
measured from the decay of the NCO emission in a previous work (2.1 ± 0.2X 10- 11 cm3 S-I) 
is assigned to the N 2 (A) + CINCO reaction. 

INTRODUCTION 

In previous experiments performed in our laboratory by 
Bell and Coombe, 1 the photolysis of CINCO at 248 nm was 
found to produce bright blue emission identified as the 
A 2l;+ ..... x 2n transition in NCO. From the time profile of 
the emission, it was determined that the excited NCO was 
not a direct photofragment, but rather was the product of a 
reaction of an excited species with the parent CINCO. In 
addition, the apparent second order rate constant for the 
reaction of CINCO with this excited species was obtained by 
analyzing the decay profile of the NCO emission. The pres
ence of NeD) was detected in the photolysis system by the 
addition ofN20, which quenched the NCOA ..... X emission 
and produced NO B-X emission. From this, it was con
cluded that NeD) was the excited species responsible for 
the formation of excited NCO. The following mechanism 
was postulated to explain these results: 

CINCO + hv-NeD) + CI + CO, (1) 

NeD) + CINCO ..... NCl + NCO(A), (2) 

(3) 

The ground electronic state for the halogen isocyanates 
(and for the isoelectronic halogen azides) is lA' and excited 
IA " states are accessible via optical transitions. Conservation 
of spin angular momentum predicts that these excited singlet 
states may dissociate to two singlet, two doublet, or two trip
let fragments: 

..... NX* (singlets) + CO(X Il;+), (4a) 

XNCO*eA ") ..... XePJ ) + NCO (doublets), (4b) 

..... NX(X 3l;-) +CO* (triplets). (4c) 

For the halogen azides FN3,2 CIN3,3 and BrN3,4,s the pri
mary dissociation channels for photolysis at A.;;.. 193 nm are 
analogous to reactions (4a) and (4c), forming singlet and 
triplet fragments, respectively. In the CINCO experiments 
noted above, no evidence of the production of excited sing
lets (a 1!:1 or b Il; +) of N CI or excited triplets of CO was 
found. These results were interpreted as indicative of the 
operation of the doublet channel with CINCO dissociating 

to CWP) + NeD) + COel; +). This mechanism is dis
tinctly different from that operating in the azides and may be 
attributed to the much stronger XN-CO bond in the iso
cyanates relative to the weak XN-N2 bond in the azides. 

One potentially useful aspect of the CINCO photolysis 
system was that it appeared to be a relatively clean pulsed 
source of NeD). Since the NeD) decay should track the 
time profile of the observed NCO A ..... X emission, a straight
forward method should exist for measuring the rates of 
NeD) quenching by various added molecular species. How
ever, upon reexamining the time profiles of the NCO emis
sion in the low density regime, two distinct components were 
discovered, indicating the chemistry to be more complex 
than the mechanism shown in reactions (1), (2), and (3) 
above. This paper describes the results of experiments which 
were performed to elucidate this complex chemistry. From 
these experiments, strong evidence was obtained showing 
that, in fact, two different excited species are present in the 
photolysis system, each of which reacts with CINCO to form 
NCO(A). 

EXPERIMENTAL DETAILS 

The synthesis of CINCO as well as the photolysis and 
data collection systems have already been described in de
tail, 1 and will only be briefly outlined here. CINCO was syn
thesized by passing a 3.5% mixture of Cl2 in N2 or He over 
solid AgNCO that was suspended on glass wool and heated 
to 160 ·C. The presence of CINCO in the emuent from the 
generator was detected by monitoring the asymmetric 
stretching vibration of NCO at 2200 cm - 1 with a Perkin
Elmer 337 IR spectrometer. The gas stream passed through 
a stainless steel cell where it was photolyzed at 248 nm with a 
pulse from an excimer laser. The subsequent emission was 
observed at right angles to the photolysis pulse with a 0.25 m 
monochromator and a cooled GaAs photomultiplier tube 
(RCA C31034). The amplified output from the PMT was 
sent to a Stanford Research Systems gated integrator inter
faced to an IBM-PC for collection and storage of spectra, or 
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to a Nicolet 1270 data aquisition instrument for collection of 
time profiles. The time profiles were transferred to a V AX 
780 computer and analyzed with curve fitting routines from 
an RS/I statistical package. 

Several experiments were carried out with a dischargel 
flow reactor similar to the system described in Ref. 6. N2 (A) 

was produced in the reactor by generating Ar( 3 PO,2 ) metas
tables in a microwave discharge cavity and adding N 2 imme
diately downstream. CINCO was admitted further down
stream through an injector. 

RESULTS 

An example of the time profile of the blue NCO emis
sion collected at 438 nm following the pulsed photolysis of 
CINCO at 248 nm is shown in Fig. I(A). Two components 
are apparent in the profile, a short-lived component (com
ponent I) which displays an electronics limited rise (0.3 its) 
and a fast decay (a few its), and a long-lived component 
(component II) which rises to a maximum at about 7 Its 
followed by a decay over about 14 its. Only a single compo
nent with a decay that extended over about 20 its had been 
observed by Bell and Coombe. By varying the CINCO con
centration, the reason for the disagreement became appar
ent. As the CINCO concentration was increased, the slower 
component was partially quenched and the time profile be
gan to assume the appearance of a single decay. The previous 
experiments had been carried out at CINCO concentrations 
that were high enough to mask the two component nature of 
the time profile. 
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FIG. 1. (A) Time profile of the NCO emission collected at 438 nm follow
ing the photolysis of CINCO at 248 nm. (B) Time profile of the NCO emis
sion with l.l 0 Torr ofN2 0 added. (C) Time profile of the NO P emission at 
320 nm in the CINCO photolysis system. Note: the oscillations appearing at 
short times are due to electronic noise generated by the signal amplifier. 

We obtained spectra of both components by choosing a 
time gate on the boxcar integrator that would allow us to 
collect the integrated intensity of each component separate
ly. The spectrum of component I was collected with a 1 ns 
delay and a 2 its gate width, and the spectrum of component 
II was collected with a 9 its delay and a 15 its gate width. The 
spectra, shown in Fig. 2, are both NCO A ..... X emission, al
though the spectrum of component I indicates somewhat 
greater vibrational excitation in the NCO(A) state than 
component II. Fluence dependence experiments performed 
in the earlier work by Bell and Coombe showed that the 
intensity of the entire time profile varies linearly with the 
laser fluence. 

Bell and Coombe's experiments had shown that NeD) 
atoms were present in the photolysis system since the addi
tion ofN2 0 resulted in NO Pband emission. This result was 
readily reproduced in the present experiments. Other known 
quenchers of N (2 D) were added as further verification of the 
presence of these excited atoms. For example, the addition of 
CF 3 Br quenched component II of the NCO emission and 
weak NBr(b ll; + ..... X 3l; -) emission was observed, as 
would be expected in the presence ofNeD).7 

Figure 1 (B) shows the NCO emission time profile when 
1.10 Torr of N2 0 was added to the system. Most of compo
nent II is quenched, and the profile consists primarily of 
component I. Based on this result it would seem that compo-
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FIG. 2. Spectra of (A) component I and (B) component II of the NCO 
emission time profile. 
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nent II of the NCO emission should correspond to formation 
of NCO(A) by the N(2D) + CINCO reaction. If this were 
the case, the time profile of the NO /3 band emission should 
track the decay of component II. A representative NO B -+ X 
time profile is shown in Fig. l(C). Clearly, the intensity of 
the /3 bands tracks component I rather than component II. 
The rise of the NO B-+X emission is somewhat slower than 
the time constant of the data collection electronics, reflect
ing the 3 Ils radiative lifetime of the NO(B) state, and is 
followed by a decay which matches the decay of component 
I. Hence, this decay must correspond to the removal of 
NeD) from the system, in collisions with either CINCO, 
producing NCO(A), or N20, producing NO(B). 

A series of experiments was performed to determine the 
rate constants for quenching of NeD) by CINCO and N2 O. 
For this purpose, the decay of the NO B ..... X emission was 
analyzed for various CINCO and N20 densities. The rate 
law for the formation ofNO(B) can be expressed as 

R = rip = k2 + (k3 - k2)XN ,O' 

where k2 and k3 are the rate constants for reactions (2) and 
(3), respectively, ris the decay rate (s - I) of the NO/3emis
sion, p is the sum of the CINCO and N20 densities, and 
XN,o = [N20]l( [N20] + [CINCO]). The quenching of 
NO(B) by N2, the buffer gas in these studies, is negligible.s 

A linear least squares analysis of the plot of R vs XN,O, 

shown in Fig. 3 gives 7.0 ± 0.8 X 10 - II and 2 ± 1 X 10 ~ 12 
cm3 s - I for k2 and k3' respectively. The error reported for 
k2 is the standard deviation of the intercept obtained from 
the least squares analysis, and the error in k3 is obtained 
from the propagation of the intercept and slope errors. Our 
value for k3 is in agreement with the value reported by Hu
sain etal., 1.6 ± 0.1 X 10- 12 for NeD) + N20.9 

It would seem that component II of the NCO A-X 
emission must be due to the presence of a second energy 
carrier which is also quenched by N20, but unlike NeD), 
does not give rise to the NO /3 bands. In order to ascertain 
the nature of this second energy carrier, the effects of other 
added quenchers were tested. Upon addition of NO to the 
photolysis system, NO r band emission (A 2~ + ..... X 2[1) 

was observed, with no accompanying /3 bands. The time pro
file of the r band emission tracked component II of the NCO 

25~-------------------------------. 

R 

FIG. 3. Plot of R vs XN,o where R is the decay rate of the NO /3 emission 
divided by the sum of the CINCO and N2 0 densities and XN,o is the mole 
fraction ofN2 0. 

emission, showing the characteristic slow rise and decay as 
in Fig. 3 (A). Since the radiative lifetime of the NO (A) state 
is 178 ns, \0 the observed time profile of the r bands maps the 
time profile of the second energy carrier. It is well known 
that NO is efficiently pumped to its A 2~ + state in collisions 
with N2 (A 3~: ) metastables. Ifthese N2 metastables were 
in fact the second energy carrier in the CINCO system, they 
must react with CINCO to produce NCO(A). To test this 
possibility, a number of discharge-flow experiments were 
performed in which CINCO was admitted to a flowing 
stream ofN2 (A) metastables. A faint blue emission was pro
duced, requiring the presence of both N2 (A) and CINCO. 
From its spectrum, the emission was identified as NCO 
A ..... X. 

DISCUSSION 

The results of these experiments, and those previously 
reported by Bell and Coombe, suggest the following overall 
mechanism for the observed CINCO photochemistry: 

CINCO+hv-+NeD) +CI+CO, (1) 

NeD) + CINCO ..... NCI + NCO(A) (2) 

..... N 2 (A) + CI + CO, (2') 

N 2 (A) + CINCO ..... N2 + CI + NCO(A). (5) 

NeD) is an initial photofragment. It subsequently reacts 
with the parent CINCO by either path (2) or (2'), produc
ing NCI + NCO(A) or N2 (A) + CI + CO, respectively. 
Process (2) is responsible for component I of the observed 
NCO A ..... X emission, and the rate constant for 
NeD) quenching by CINCO [paths (2) and (2')] is 
7.0 ± 0.8X 10-1\ cm3 s - I, determined as described above. 
The N2 (A) metastables produced in reaction (2') suffer 
collisions with CINCO (present in very large excess over all 
other species except the diluent), generating NCO(A) as in 
reaction (5) . The rise of this NCO A ..... X emission will repre
sent the rate off ormation ofN2 (A), and hence will track the 
NeD) decay. The rise of component II should therefore 
track the decay of component I, as was indeed found experi
mentally (see Fig. 3). The decay of component II should 
correspond to the rate of process (5). The rate constant mea
sured by Bell and Coombe in the previous experiments, 
2.1 ± 0.2 X 10 - II cm3 s - I, corresponds to this process. 

The identification of the principal energy carriers as 
NeD) and N2 (A) seems firm. The production of NO /3 
bands upon the addition of N2 0 is a well-known diagnostic 
for the presence ofNeD),II,12 as is the production of NO r 
bands from energy transfer between N2 (A) and NO.13 By 
analogy with previous results from the photolysis of halogen 
azides, excited triplet CO might also be considered as a possi
ble energy carrier [see for example reaction (4c) above]. 
Energy transfer from excited COCa 3II) to NO produces 
both NO(A) and NO(B), however, and the ratio of the in
tensities of the rand /3 band systems has been reported to be 
2.3: 1.0. 14 Energy transfer from N2 (A) to NO produces al
most exclusively NO (A), with a r:/3 ratio of71: 1. 13 Since no 
evidence of /3 bands was found when NO was added to the 
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photolysis system, it seems apparent that N2 (A) rather than 
COCa) is the energy carrier. From the lower limit on the 
heat of formation of CINCO reported by Bell and Coombe 
(!1H,>52.9 kcal mol- I), the energy liberated by the 
NeD) + CINCO reaction is easily sufficient for the produc
tion ofN2 (A) [process (2')]. Further, the production of 
NCO(A) by the interaction of CINCO with N2 (A) [reac
tion (5)] was verified by the discharge-flow experiments 
described above. 

When N 20, NO, or CF 3 Br were added to the photolysis 
system, component II of the NCO emission was quenched 
because all of these species quench N2 (A). The rate con
stants for N2 (A) quenching by N20, NO and CF3Br are 
7.7x 10- 12, 1.5x 10- 10

, and 5.0X 10- 11 cm3 s - t, respec
tively.13.7 Although the rate constant for quenching by N20 
is considerably smaller than that for quenching by CINCO 
(ks =2.1XIO- lI cm3s- 1), the present experiments in
volved very large excesses ofN2 0 over CINCO such that the 
N2 (A) (i.e., component II of the NCO A ..... X emission) was 
effectively removed. 

The work by Bell and Coombe suggested that the photo
dissociation channel leading to the doublet manifold offrag
ments [reaction (4b)] is dominant in CINCO. This conclu
sion is reaffirmed by the present experiments, the primary 
excited photofragment being N(2D) atoms. No evidence of 
excited singlet NCI or excited triplet CO was found. Since a 
number of electronic states of the NCO radical correlate to 
NeD) + CO(,l: +), the initial dissociation event may pro
ceed to CI + NCO, the excited NCO dissociating to 
NeD) + CO. Hence, the actual quantum yield of NeD) 
may well be low, with a much higher yield of ground state 
(perhaps vibrationally excited) NCO being generated. LIF 
experiments are planned to test this possibility. Further, the 
present results show that CINCO can release energy upon 
collisions with excited metastables like NeD) or N2 (A). 

Such collisions may excite the molecule to a different mani
fold of dissociative states than does photolysis, and hence 
may represent a different way of extracting energy from 
metastable XNCO systems. 
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