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Photodissociation of formic acid
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The photodissociation of formic acid has been studied experimentally and theore#daliyitio
calculations were performed to study the dissociative profiles of five reaction channels &y the

S,, and T, potential energy surfaces. The vibrationally excited nascent products were detected
using a time-resolved Fourier transform infrared spectrometer after laser photolysis at 248 or 193
nm. In the 248 nm photolysis, the HCOOH molecule was first excited té&thatate, but it was

found that the dissociation takes place on $esurface after internal conversion. The products of
the vibrationally excited CO, C{v3) and HO(v 1) were detected. During the dissociation process
the vibrationally energized molecule is geometrically memorized and dynamically controlled, with
the yield preference of CO and,8 over that of CQ and H,. The ratio of CO{(=1)/CO,(v

=1) is estimated as7.5. Vibrationally excited CO«) and CQ(v3) are also found in the 193 nm
photolysis but the CO/Cfratio increases to 11. Most of the dissociation is thought to occur on the
S, state. At this wavelength another dissociation channel which produces OH and HCO radicals on
S, surface has been identified. The dissociation is unlikely to occur oftlserface, as the energy
barriers are fairly high. ©2000 American Institute of Physids$S0021-9606)0)00620-4

I. INTRODUCTION indicated that the energy barrié@81.6 kcal/mol of channel
(1) is higher than tha{62.1 kcal/ma) of channel(2), while
recent theoretical calculatiolfs indicate that the two bar-
riers have similar heights, 68 kcal/mol for chanfiland 71
kcal/mol for channel2).

Channelq3)—(5) can only occur from electronically ex-

As the simplest carboxylic acid, formic acid is an impor-
tant intermediate in the oxidation of unsaturated hydrocar
bons in combustioh. HCOOH is also the ultimate interme-
diate of the reaction Cj#+0O,. Decomposition of formic
acid leads to the end products CO and G@flames? It is ] X X
also the simplest interstellar molecule containing a carboxyfited states because of the higher energy requirement for
group, which has been identified in the interstellar cloud Sgihese reactions. Singletaet al**~? carried out a series of
B,.34 photolysis experiments at 222 nm, detecting the photolysis

The ground stat&, (X1 A’) of HCOOH is of C; sym-  products by the laser induced fluoresce(id&) method. For
metry with a planar geometry. The first absorpt®p—S, the OH product, a quantum yield of 0.70-0.80 was
refers tomr* < n transition of the carbonyl groupSugarman  determined*~*°So they suggested that the photolysis of the
reported that the absorption spectrum consists of diffuss, state is dominated by chann@). In addition, they ob-
bands from 250 to 225 nm, which merge into continuumserved a small amount of CO and €®y static Fourier-
below 225 anfS. This diffusion SpeCtrUm reflects the predis- transform infrared(F'ﬂR) Spectrosc0p§9 However, they
sociative behavior of HCOOH in the excited state. @l.  ¢ould not distinguish whether these two products were gen-
have reported a weak absorption at the wavelengths greatgfateaq directly from channel) and (2) or indirectly via
than 260 nnf. This band became progressively sharper aEhanneIs(4) and (5). By LIF spectroscopy, Ebath et al.

longer wavelength. . observed OH fragment from the photolysis of HCOOH at

The five _dlssouan_on channels _that can possibly occur everal wavelengths between 250 and 220 nm. Almost no
the photolysis of formic acid are given in Table I.

The table also lists the available energi,f;=hv vibr_atic_JnaI excitation {,=<0.009) and very low rotational
—AH,°) after photolysis at 248 and 193 nm. excitation ,=<0.06) were fpund for the OH_ product. They
Thermal decomposition of the ground-st&ighas been Proposed that channgB) might take place in thes, state
experimentally and theoretically investigated by severalVith @ nonplanar structure. On the other hand, predissocia-
groups® 't All of these studies agree that in the pyrolysis of tion through an internal conversion to tf$g state was also
HCOOH the most important reactions are via “molecularPossible. Brouarcet al”* recorded the LIF and resonantly
elimination” in reactions(1) and(2). Channek1) was found enhanced multiphoton ionizatioflREMPI) spectra for OH
to be the predominant reaction. Eadip initio computations and HCO radicals, respectively, after the photolysis of
HCOOH at 225 nm. They discussed the character of the

dAuthor to whom correspondence should be addressed; electronic maiprans_Itlon _St‘f"te and suggested that chariebccurred via
kong@mrdlab.icas.ac.cn predissociation from th&, state.
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TABLE I. The five dissociation channels that can possibly occur in the TABLE Il. Concentration of monomer at different formic acid vapor pres-

photolysis of formic acid. sure.
AH® Eavai(248 nm)  E, (193 nm) Vapor pressuréPa Concentration of monome#fo)
(kcal/mo) (kcal/mol) (kcal/mo)
10 95.5
HCOOH—-CO+H,0 (1) 6.3 108.7 140.7 30 91.5
—CO,+H, 2 —-35 118.5 150.5 60 84.3
—HCO+0OH (3) 96.8 18.2 50.2 130 73.9
—HCOO+H  (4) 106.1 8.9 40.9
—H+COOH (5) 91.1 23.9 55.9

tion reactions of formic acid. The geometry optimization,
vibrational frequency, and IRC calculations are carried out at
The previous investigations of the photolysis of HCOOHthe MP2 level using 6-311@E(p).

suggest that the photolysis mechanism is still obscure. In this  The stationary structures on the lowest triplgtand the
paper, we report our experimental results on the dissociatiofirst excited singles,; surfaces were fully optimized with the
of formic acid at 193 and 248 nm. We also report theoreticacomplete active space self-consistent fielCASSCH
calculation of the dissociation profiles from t8g, S;, and  method without any symmetry constraints. Once conver-
T, potential energy surfacgd®ES. The equilibrium geom- gence was reached, the harmonic frequencies were exam-
etries, intermediate structures, and energy barriers, as well &sed, so that true minima or saddle points could be con-
product states are found. Experimental investigations of théirmed. In the CASSCF calculations, the active space
laser photolysis of formic acid used time-resolved Fourierconsists of seven orbitals which originate from the 7*,
transform infrared TR FTIR) spectroscopy to follow vibra- andn orbitals of the carboxylic group and the C—H,0-H, or
tionally excited products. Nascent products were found an€—O o and ¢* orbitals, providing eight electrons. The en-
thus the preferable dissociation channels have been detesrgy of the separating fragments was determined by a super-

mined. Furthermore, the reaction mechanisms orsthes, , molecular calculation with the same basis set and active
andT; surfaces have been discussed based on the theoreticglace as that in the calculations of the bound fragments. The
calculations and the experimental results. correlation-consistent atomic natural orbital basis sets, cc-

pVDZ and cc-pVTZ? were employed. The geometry of

Il. EXPERIMENT

The experiment was performed with a TR FTIR appara-
tus which uses laser photolysis to produce vibrationally ex-
cited products. The details of the setup and the TR FTIR
spectrometer have been described elsewteRriefly, an
excimer laser beam at 248 n(KrF laser, Lambda Physik .
LPX305i, ~150 mJ/pulsgor 193 nm(ArF laser, Lambda
Physik LPX305i,~60 mJ/pulsg was slightly focused into
the reaction chamber by a cylinder lens<380nm). The
photolysis chamber was pumped by a diffusion pump. The ‘g
HCOOH (98%) vapor flowed into the reaction chamber with f

129us

infrared (IR) emissions from photofragments were collected ~— |
by a pair of gold-coated spherical mirrors and directed into a &

FTIR spectrometefNicolet 800. An InSb detector was used &
to detect the IR emission. The spectral resolution of the in- ~°c-’
strument was set at 16 crh Ten time-sequenced interfero-
grams with a spaced 18s after the laser pulse could be § |
acquired with a data acquisition system. 2

There exists an equilibrium between the monomer and
the dimer of HCOOWK* with equilibrium constant
Keg=[HCOOH|?[HCOOH),]=1.09x10 "mol/cm 7. The /

Em
I
(@)

concentrations of monomer at different vapor pressures are - 3us
presented in Table Il. At all of the pressures the IR emissions
after laser photolysis were observed.
— 777
1500 2000 2500 3000 3500 4000 4500
I1l. COMPUTATIONAL DETAILS Wave|enqth (Cm-1)

Ab initic') CalCU|ati0n§ are used to ex'plore the ground-gig. 1. The infrared emission spectra of HCOGHo0=60 Pa) photo-
stateS, for internal rotation, decarboxylation, and dehydra-lyzed by a 248 nm laser at different delay time.
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HCOOH (Sp) is also optimized at the CA8.7)/cc-pVDZ
and CAS8.7)/cc-pVTZ levels in order to obtain the relative 20
energies of the stationary points on the excited-states’ sur-z
faces. The CA$8.7)/cc-pVDZ zero-point vibrational energy
was scaled by a factor of 0.85 in calculations of the barrier
heights and reaction energies. All thé initio calculations
have been performed with tlEaUSSIAN 940r G98w program
packageg®

1

0.5

Relative IR Emission Intens

0.0

IV. RESULTS AND DISCUSSIONS

A. Photolysis at 248 nm
1. Products

Three IR emission bands were recorded when formic
acid was photolyzed by the 248 nm laser. Figure 1 shows§!G. 2. The experimental and simulated infrared emission spectra of CO
emission spectra at different delay times after laser firing. If"d CQ(vs) at 3 us after 248 nm laser shots. The simulated individual

. - tamssmn band of CO and GGt 3 us is also given by the dashed lines.

the 3 us spectrum an intense emission between 1820 an
2370 cm ! was recorded, representing an overlap of CO and
CO,(v3) emission bands. The hot products are relaxed
mainly by collisional quenching. The overlapping band splitstional populations at s after the photolysis. Both the CO
into two Componglzts 1@s later in the second spectrum. The and CQ products are highly vibrationally excited. There is
1820 to 2220 cm” components are assigned to the-v  an apparent population inversion for €OThe most popu-
—1 emission of CO, while the other between 2220 and 2390ated level isy =5. At the longer delay times, the emission

cm™ ' is attributed to thevz mode of thev—v —1 emission  band of CQ shifts toward higher frequency due to vibra-
of CO,. The CQ(v3) emission decays very fast and almosttional relaxation(Fig. 2).
disappears at 3@s after the laser pulse. Such rapid vibra- The vyield ratio of the CQ{>0) and CQ(v3,v>0) is
tional relaxation can be interpreted as near-resomanb 30, which is estimated by comparing their total populations
energy transfer from the hot GQv3) to the precursor mol- |isted in Table IIl. The populations have been normalized by
ecule HCOOH(C=O0 stretching mode, 2325 ¢M). In con-  the Einstein A coefficients; the sum of the populations re-
trast, the relaxation of C@( is slower. A fairly intense flects the relative concentrations of the excited €90)
emission of CO¢—v —1) can still be observed at 1285.  and CQ (v3,v>0) molecules. Each COmolecule has three
In the 3 us spectrum, another weak emission was re-ibrational modes(v,, v,, and v3) with a double degen-
corded between 3125 and 3625 ¢mit might be assigned to eracy ofv,. We can only record the; mode by the InSb
the »; mode of the HO molecule generated from chaniigl  detector used in the experiment. Assuming the vibrational
or to OH from channe(3). Due to only a small amount of energy is individually and equally distributed among all
available energy~18 Kcal/mo) in channel(3), it was dif-  three modes, the total population of the Cight be four
ficult to vibrationally excite the OH product. Eb&taalso  times than that of the CO(v3) mode. The yield ratio of
reported that there is almost no vibrational excitation of thecO/CQ, at 3 us delay then roughly equals CO/4Q@;), or
OH radical generated in photolysis. Therefore, this emissiory 5. As the vibrational guenching of G@ much faster than

- 0.5 T T T T T T T T T T T T 1
1700 1800 1900 2000 2100 2200 2300 2400 2500 2600

Wavenumber ( cm™ )

band is assigned to the mode of HO. that of CO, it is anticipated that the yield ratio CO/CO¥
the nascent products must be less than 7.5. Furthermore, the
2. Spectral simulation above ratio refers only to the vibrationally excited CO and

The contour line of the CO and GQGmission spectra CO, species. The ground state £0) is not included, al-
has been simulated. The IR emission intensity of each rovithough it might be not important.
brational transition has been normalized by the correspond-
ing Einstein spontaneous emission coefficieht (v,J).
Therefore, the relative population of each rovibrational stat . S
of the CO and C@ molecules is obtained. At a pressure of%' Channel identification
60 Pa, more than ten collisions take place between the mol- The nascent products of CO, GOand HO are directly
ecules in 3us. The rotational excitation has been substan-observed in the spectrum. Yield dependence of CO ang CO
tially quenched by this time. We therefore used a specifion laser power was measured to be#001 and thus the
rotational temperatur@y to represent the rotational popula- two-photon process is ruled out. Both products are highly
tion. The best fitted g at 3 us for CO and C@ are 450 and vibrationally excited. They should be generated from a
550 K, respectively, while @g of 350 K is suitable to fit the highly exothermic channel. For single-photon photolysis at
spectra after 2Jus. Figure 2 shows a comparison between248 nm, the large amount of the available energy, 109 kcal/
the experimental and simulated spectra ats3 mol released from channél) or 119 kcal/mol from channel
As the vibrational quenching is relatively inefficient, the (2), is sufficient to excite CO or C)v3) up tov =11. All of
vibrational population at 3us delay is still close to that of this indicates that the photolysis pathways are through chan-
the nascent products. Table Ill presents the relative vibrapels (1) and(2).
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TABLE lll. Relative vibrational population of CO and GGt 3 us (HCOOH photolyzed by 248 and 193 n,;cooy=60 Pa).
Ratio

v=1 v=2 v=3 v=4 v=>5 v=6 v="7 v=8 v=9 v=10 v=11 Total (COICOy
248 nm CO 22.97 16.98 9.08 4.77 2.46 1.43 1.75 1.15 0.87 0.41 0.20 62.07 7.5
248 nm CcQ 0.16 0.21 0.16 0.14 0.30 0.26 0.28 0.18 0.11 0.21 0.05 2.06
193 nm CcoO 12.00 3.44 3.35 1.06 1.18 1.05 22.08 11
193 nm CQ 0.06 0.17 0.28 0.51

B. Photolysis at 193 nm

1. Products

2. Vibrational populations

Spectral simulations were also performed for the emis-
sion spectra of CQ() and CQ(v3) at the delay of 3us. The
vibrational populations were presented in Table Ill. Com-

~ The 193 nm photolysis of HCOOH was accomplished by rison between the simulated and experimental spectra is
using an ArF laser. Figure 3 shows the IR emission spectrayqwn in Fig. 4. The highest vibrational energy levels popu-

of the photofragments. In the @s spectrum, three emission |ated in CO and CQare atv=

bands were recorded. Again, the emissions between 19
and 2360 cm! are attributed to the overlapping bands of
CO (v) and CQ(v3), similar to the one at 248 nm.

A new emission centered at 1864 chwas also ob-

6 andv =4, respectively,

&hich are slightly lower than those in the 248 nm photodis-

sociation.
A ratio of the excited CQ{) to CO, (v3,v) is obtained
as 44 by comparing the total populations, and the yield ratio

served. It is assigned to the C—O stretching mode of HCQy 11 is estimated for the COE0)/CO(v>0) with the

(fundamental vibrational frequency being 1868 ¢m The

H,O(v,) emissions were not observed, perhaps because 0

the low signal-to-noise ratio in the spectrum.
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FIG. 3. The infrared emission spectra of HCOOR ¢oo=60 Pa) pho-
tolyzed by a 193 nm laser at different delay time.

sfame assumption in the above analysis of 248 nm photolysis.

3. Channel identification

The observation of highly vibrationally excited products
CO and CQ again verifies the occurrence of channéls
and (2). The COg)/CO,(v3) ratio of 11 indicates that the
channel(1) is a more important pathway. However, channel
(3) has been identified by the observation of the HZL(

C. The dissociative profiles of the potential energy
surfaces
1. S, state

The geometries o€is- and transformic acid in theS,
state are optimized at the CASSCF and MP2 levels with
cc-pVDZ, cc-pVTZ, and 6-311G,p) basis setgFig. 5).
The barriers of the isomerization from th@ans to the cis-
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FIG. 4. The experimental and simulated infrared emission spectra of CO

and CQ(v3) at 3 us after 193 nm laser shots. The simulated individual
emission band of CO and G@t 3 us is also given by the dashed lines.
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FIG. 5. The geometric structures of the minima in B¢ T,, andS; 2 6 01{% " _vHs
surfaceg(bond length in A; bond and dihedral angles in degree }Eﬁa! 204 ‘,(‘”.3{19,1 ‘645“‘}?%'"/
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HAMCZO1=-T5.0
HSOAC2H3=88.7 )

TSy(T) TS5(S1)

HSO4C201=-79.2
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isomer are calculated to be 125 kcal/mol at the

MP2/6-311G€,p) level. This value is in agreement with FIG. 7. The geometric structures of the saddle points inTheand S;
previous result of 13 kcal/mdt The cis- andtransisomers  surfacesbond length in A; bond and dihedral angles in degrees

link to the products of BlHCO, and HO+CO, respectively,
with solid lines in the energy correlation diagréaffig. 6).
For the reaction channell), our calculated barrier height . .
from the transisomer is 67.6 kcal/mol, agreeing with God- _1he S; minimum at the CAS(8,7) level with the cc-
dard’s result of 68 kcal/mdf Our calculated barrier of chan- PVDZ basis set has a nonplanar structure, shown in Fig. 5.
nel (2) is 67 kcal/mol, which is lower than the Goddard’s The calculated 0-0 energy gap betwegnandS, is 114.5
result of 71 kcal/mol. kcal/mol, which is comparable with the band origin at 38 463

The S, surface can also be accessible to the radical chartm * (110 kcal/mol.%" There are three possible dissociation
nels (3)—(5) shown by the solid lines in Fig. 6. No transition Pathways on th&, surface. The most feasible channe{3s

state was found in the reaction pathways. The potential e,{eadinzg fo_two ground-state radicals, G#H) and
ergy profiles correlate to the products with the energy of ICO("A’). There is a transition staféS;(S,) with a low

102.1, 93.0, and 112.5 kcal/mol higher, respectively. energy barrier of 14.7 kcal/mol at the CA8,7)/cc-pvVDZ
level. The geometry of the transition stat€S,(S;), is

shown in Fig. 7.
The second dissociation pathway on Besurface leads
to H(®S) and COOH@A?A") with a high barrier of 49.8 kcal/

2. S; state

180 = kealimol mol (Fig. 6). The third reaction pathway on tH& surface
160 oo TS5 1843 1586 115+ COOHFAN correlates to the HS) and the excited HCOBGA"), which
o] y 5{s,1425 vy 27 HCOOCAHHES) is 28.2 kcal/mol above the groupq state HCGNQ. The
HCOOH(S,) 2T optlmlzgd geometry of the transition st_aT@(Sl) is also
120 1as L o 12,5 HCOOCAT+H(S) shown in Fig. 7, while the barrier height is calculated as 28.0
100 & :Et TSR B SHER keal/mol.
80
50 BLOTS.(S:) g 3. T, state
40 The stationary structure of thig, minimum is optimized
s _TEQ / at the CAS(_8,7) and _MP2 levels with the cc-pvDZ and
1 s~ 33 H.O+CO cc-pVTZ basis sets. Figure 5 shows the C@&S7)/cc-pvDZ
0 cHcoon *“#HcooH 6 Hrc0, nonplanar structure. There are also three dissociation path-
-20°] ways on theT, surface. In contrast to th®, surface, ther,

surface is only accessible to the products in their ground
FIG. 6. The dissociative profiles &, S,, andT, surfaces in the photo-  gtates shown by the dashed lines in Fig. 6. For chaf®eh
dissociation of HCOOH. The data are calculated at the MP2 and&AS ot . . . )
level using the 6-311G,p), cc-pVDZ, and cc-pVTZ level. The solid lines f!rSt order saddle pOIr[thll(Tl)] is found. T§(T1) IS con .
link singlet surfaces while the dashed lines correlate the states iithe IrMmed by the IRC calculations as the transition state, leading

surface. to HCOA') and OHEII). The barrier height is 15.1 and
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14.6 kcal/mol at CA8,7)/cc-pVDZ and CA$8,7)/cc-pVTZ
levels, respectively. A scaled CA&7)/cc-pVDZ zero-point

Su et al.

cess energyl48—114.5-33.5 kcal/mal is sufficient to over-
come the low barrier(14.7 kcal/mol of channel (3),

energy correction is made for the barriers. The spin contamiproducing HCO and OH radicald=ig. 6). The HCO was
nation in the reference wave function is very small. The ex-observed in this experiment and the OH was recorded by

pectation value of th&? operator is very close to 2.00 for
the pure triplet state.

Unlike that in theS,; surface, the second dissociation
pathway in theT; surface correlates to the products ofBY
and the ground-state COO#'). The latter is 65.6 kcal/
mol lower than that of the excited state COGK(). The
corresponding energy barri¢20.6 kcal/mol is also lower
than that on thes; surface(49.8 kcal/ma).

The third pathway on th&, surface leads to the frag-
ments of HES) and the ground-state HCOX'). A barrier
height of 22.6 kcal/mol is calculated.

D. Reaction mechanism

1. 248 nm photolysis

other groupg?~1°

The CO and CQin the 193 nm photolysis arise from the
decomposition of the highly vibrationally excites, state
HCOOH after an internal conversion 8f—Sy. The ratio of
the nascent CO/CQOmolecules is higher than that in the 248
nm case, suggesting that the formation mechanisms at the
two wavelengths are similar. Furthermore, we assume that
the most energize®; molecule is consumed with the reac-
tion channek3). Only the remaining less energetic molecule
converts to theS, state. Therefore, the highest vibrational
levels of the CO¢) and CQ(v) found in the 193 nm pho-
tolysis are lower than 248 nm ones.

Dissociation on ther; surface is not likely to occur,
because there is a series of fairly high energy barriers that
must be overcome. The barriers for forming-BOO0OH and

The diffuse bands between 250 and 225 nm in the abH+HCOO are calculated as 20.6 and 22.6 kcal/mol, respec-
sorption spectrum indicate that HCOOH undergoes predissaively. The COOH and HCOO formed are unstable. Further

ciation. Energetically, a 248 nm phot@hl5 kcal/mo) can
barely excite a HCOOH molecule from tl$g to the S; state
(114.5 kcal/mo). Obviously, the excited molecule is unable
to undergo the dissociation reactiai3—(5) either on thes;
or on theT,; surfaces. However, an internal conversion of
S,— S, followed by decomposition of the molecule on the

decomposition has been well studied by Schettal?’~2°

The most favorable dissociation pathway of HCOO is form-
ing H+CO, with a barrier of 16.3 kcal/mol. The COOH

dissociates to OHCO through a loose transition state at
35.6 kcal/mol. In addition, the requirement of 35.6 kcal/mol
in the latter pathway would cause a relatively minor produc-

Sp surface is possible. In the 248 nm experiment, the dissoton of CO compared to that of GO However, our obser-

ciation products are CQ CO, and HO. The observation
also supports that molecular elimination takes place irSthe
state, just like in the pyrolysis of HCOOH. Again, the above

vation of the CO/CQ ratio showed the opposite results.
Therefore, the CO and GQare probably not produced on the
T, surface. Furthermore, CA8,7)/cc-pVDZ calculations in-

mechanism is supported by the energy disposal in the prodticate that bothS; and T, have similar -#*) electronic

ucts. Goddarcet al. predicted that the COproduced in the
S, state should be highly vibrationally excitédOur popu-
lation analysigTable Ill) shows that the CO and G@rod-
ucts of 248 nm are indeed vibrationally hot.

The CO/CQ ratio of 7.5 shows that chann@) is domi-
nant, although the energy barriers of chanr&lsand(2) are
the same on th&, surface, but the preference of the reac-

tions can be explained by their dynamic behavior. Because

the lifetime of the highly vibrational excited HCOOH mol-

configuration. It is well known that the spin-orbit coupling is
small®® Therefore, it is likely that the direct intersystem
crossing fromS; to T, is not efficient.

V. CONCLUDING REMARKS

(1) Five dissociation channels of formic acid are theoreti-
cally studied.Ab initio calculations were performed on
the ground-stateS, and the excited stateS; and T,
surfaces. The optimized geometries, energy minima,

ecule is very short, there is not enough time to statistically
redistribute the energy over various vibrational modes. The
fate of the highly energized molecule is dynamically con-(z)
trolled. The preference of forming C&H,O over CQ+H,
may be due to geometric feature of the transient species. As
shown in Fig. 7, the two H atoms are located on the opposit?s)
sides of the O—C-O plane in the S; minima. The
H,-eliminating reaction could not take place with this geom-
etry. In contrast, the geometry is feasible to chan(ig)
which produces COH,0, simply via a H atom hopping
process. @)
2. 193 nm photolysis

Absorbing a 193 nm photon, formic aci&{) can be
excited to the high vibrational levels of th®, state. The
wavelength of 193 nm is in the continuum region of the
absorption spectrum. Therefore, a strongly dissociative feab)
ture of the highly energized molecule is anticipated. The ex-

transition states, and energy barriers along the dissocia-
tive profiles of the PES are found.

The photodissociation of formic acid was studied at 248
and 193 nm wavelengths, respectively. The nascent pho-
tofragments were detected by TR FTIR spectroscope.
After the photolysis of HCOOH, vibrationally excited
fragments of CO{<8), CO,(v3,v=<9), and HO(v3)

at 248 nm, and CQ(<6), CO,(v=<5), and HCO¢,)

at 193 nm were observed. The vibrational excitation of
CO and CQ is slightly lower at 193 than that at 248 nm.
The photolysis of HCOOH at 248 nm occurs primarily
via the two molecule-elimination channels of
HCOOH—-CO+H,0 and HCOOH-CO,+H,. The
branching ratio of the two channels is estimated<&sb.

The mechanism is believed to be a dissociation process
in the S, state after an internal conversion fr@nto S .

A new product, i.e., HCO, is observed in 193 nm pho-
tolysis. This product is probably formed on t8g sur-
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