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The UV isomerization of formamide (HCONMHrapped in xenon, nitrogen, argon, and neon cryogenic matrices
has been monitored by Fourier transform infrared (FT-IR) spectroscopy. Formamide monomer is the only
species present in the matrices after deposition; when UV-selective irradiation was carried out at 240 nm, the
n — s* transition allowed us to observe the formation of several isomers of formimidic acid [H(&H)C

NH]. On these latter species, we carried out selective IR irradiation of their OH stretching mode and compared
the experimental and theoretical (B3LYP/6-31G&(2d,2p)) sets of bands. This study allowed us to characterize

for the first time all the isomers of formimidic acid. We have then studied the vacuum UV photodecomposition
(A > 160 nm) of this molecule at 10 K in argon and xenon matrices. Several primary photoproducts such as
HCN-H,0, HNC-H,0, and HNCOQGH, complexes, yielded by dehydration and dehydrogenation processes,
were characterized.

1. Introduction SCHEME 1: Phototautomeric Reaction of Formamide

Formamide/formimidic acid, of CE#NO molecular formula,

H H
. . . . . o) o/ o/
represents the simplest form of amide/imidic acid tautomerism, b
which is known to play an important role in many areas of )k _V> )\ " )\ u
chemistry and biochemistfySelective UV irradiations at 193 M NH Xy H \N/
2 |

nm of formamide isolated in argon matrix have been performed
by Lundell et al? leading to the characterization of the
photoproducts: CENHz and HNCGH, complexe<. On the
other hand, UV irradiation at 248 nm in argon matrix with a (s-Z)-(E) (s-2)-(2)

KrF excimer laser was performed by Maier and Endriesding — ,q5iqnments of the different formimidic acid isomers obtained

through a 3 hydrogen transfer to the formimidic acid b . : T .
- . y selective IR irradiation in the(OH) region and supported
(HOH)C=NH), a tautomer of the formamide. Several cases by theoretical calculations. We report the results relative to the

of UV-induced in_tramolec_ular proton-transfer reaction from the photolysis of the formimidic acid that have been performed with
NH group of amide or thioamide have been already observed broad-band UV irradiation of a Hamp irradiating af. > 160

) ; 7 hp
In cryogenic matrix" Maier gnd Endréshave shown by nm. We give evidence of dehydrogenation and dehydration
comparison between the experimental and calculated IR SpeCtraprocesses that lead to the formation of complexes such as
that formimidic acid is present in argon matrix as two forms HNCO-H, and HCNH,0

called (s2)-(E) and (sZ)-(2) as displayed in Scheme 1. Among

the four possible conformers of formimidic acid, the most stable o Experimental Details

was found to be the (&)-(E) form, predicted to be 50 kJ mol ) ) ] )

less stable than formamidédowever, formimidic acid is found Formamide was obtained from Aldrich (99% purity) and
to be more stable than the other @D isomers such as  Purified under vacuum and prolonged degassing &G0The
formaldoxime, nitrosomethane, nitrone, and oxaziridine. The Vapor pressure of formamide is too low to be handled by the
barrier estimated by ab initio calculations in the ground state Usual vacuum line method. Thus, it is placed into a small glass
for the conversion between formamide and formimidic acid is tUP€, which is connected to the cryostat and then entrained at
relatively high (200 kJ mof* above formamidej.The energy ~ "00m temperature with argon (Linde, 99.99% purity), neon (Air
needed to get over this barrier can be provided by the resonant-iquide, 99,99% purity), xenon (Air Liquide, 99.99% purity),
excitation of the forbidden n~ 7* transition located at 219 ~ ©OF nhitrogen, N (Air Liquide, 99.99% purity) on a Au-plated
nm (ca. 544 kJ mof).9-11 cube of copper cooled between 4 and 10 K. Under these

In this paper we present selective UV irradiation (240 nm) conditionsZ we cannot determine accurately the formamide
of formamide in different environments (XeNAr, and Ne) concentration in the host gases; we can only state that we worked

leading to the formimidic acid. Then we suggest the vibrational With & large excess of host gases in the mixture (around 1/500).
During the deposition, the cryostat is kept under a limit and

* Corresponding author: Tek33 491-288-580; fax-33 491-636-510;  constant pressure of 10mbar and the sample is deposited at
e-mail Thierry.chiavassa@up.univ-mrs.fr. 4,20, 25, and 30 K in Ne, Ar, pNland Xe matrices, respectively.
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TABLE 1: Theoretical Geometrical Parameters of the Four Stereoisomers of Formimidic Acid

3 3 3 3
1 1
2 2 2
1
1

2

Geometrical (s-Z)-(E): (1) (s-2)-(2): (2) (s-E)-(Z): (3) (s-E)-(E): (4)

parameters

r(OH) 0.965 0.965 0.963 0.961

r(CO) 1.346 1.359 1.365 1.355

r(C=N) 1.206 1.259 1.254 1.254

r(NH,) 1.014 1.02 1.02 1.014

r(CH,) 1.088 1.085 1.088 1.099

r(OH,—N) 2.3 25 3.1 3.05
(H,0C) 107.23 109.9 110.2 109.8
(CNH,) 111.68 113.5 111.6 110.8
(OCN) 122 129.6 124.5 119.8
(H,COH,) 180 180 0 0
(H,CNH,) 0 180 180 0

E 0 15 15.5 23

nelative

aBonds () are given in angstroms; angles)(and dihedral anglesyj are given in degrees. Energies are in kilojoules per mole. Theoretical
parameters were obtained by use of B3LYP/6-8G12d,2p).

Formimidic acid [H(OH)G=NH] was generated by UV  bond. Normal coordinate calculations were carried out for each

photolysis (240 nm) of formamide (HCONHat 4 K in rare minimum; the resulting vibrational frequencies remained un-

gas matrices (Ar, Ne, and Xe) and in, Ratrices. scaled. All these calculations were performed with the GAUSS-
For the irradiation (UV and IR), we used a BMI (Thales IAN 98 program'*

Laser) pulsed tunable UWisible-IR OPO laser (average A second step of these calculations was the identification of

power: UV, 4 mW; IR, 8 mW). The radiation bandwidth was the transition states involved in the reactional pathways describ-
less than 5 cmt, the pulse duration was 15 ns, the repetition ing the isomerizations between the four stereoisomers. For that,
rate was 10 Hz, and the tuning range was 2860 nm for we performed first semiempirical calculations to localize the
UV —visible and 3706-2500 cnt? for IR. Spectra between 4000  transition states (TS) and then to obtain the reaction pathways.
and 500 cm?® were recorded with a Bruker IFS 66/S spectrom- After that we used the semiempirical geometries to perform ab
eter equipped with a liquid Ncooled detector, at a resolution initio optimization followed by ab initio TS calculations. We
of 0.12 cnTt. also used an IRC (internal reaction coordinate) procedure to
Vacuum UV irradiation { > 160 nm) of formimidic acid check the reaction pathways and estimate the barrier heights.
carried out after laser irradiation at 240 nm was performed on  The semiempirical calculations have been performed with the
another cryogenic head, equipped with a microwave dischargefull-chain method included in the AMPAC package.
hydrogen flow lamp (Opthos Inst_uments) mounted d!rectly oNto 4 Results and Discussion
the sample chamber. The radiations are transmitted to the . . o .
substrate through a Si@indow in a range up to 160 nm. These Theoretical Calculations. AII the optimized gepmetncal
UV irradiation experimentsi(> 160 nm) were followed by parameters of the four stereoisomers, together_wnh the energy
infrared spectroscopy. The spectra were recorded in transmis-differences compared to the most stable, that is, tH&{(&)
sion-reflection mode between 4000 and 600 tmwith a Nicolet stereoisomer, are gathered in Table 1ZX4E) is the most stable
Magna 750 FTIR spectrometer equipped with a liquiecioled form, while (s2)-(2), (s£)-(2), and (sE)-(E) have energetic
detector, a germanium-coated KBr beam splitter, and a globar différences of 15, 15.5, and 23 kJ my| respectively. These

source. One hundred interferograms were accumulated, and thdour stereoisomers will be hereafter notéd 2, 3, and 4,
resolution was also set to 0.12 cin respectively. As for their geometrical parameters, it is worth

noting that they all have very close planar structures. Concerning
the higher stability oflL, it is certainly due to the existence of
an intramolecular bond between the hydroxylic H and the N
Minimum-energy structures of the four stereocisomers of atom, calculated with a distance of 2.3 A. Our vibrational

3. Computational Details

formimidic acid, denoted (&)-(E), (s£)-(2), (sE)-(2), and assignment is based on the comparison of the experimental and
(s-E)-(E), have been fully optimized at the B3LYP/6-3&6- theoretical sets of bands. The harmonic frequencies are gathered
(2d,2p) level of theory?13 The first notation refers to the in Table 2. Two spectral regions (OH and=® stretching
conformation of the molecule with respect to the-Q single regions) are of particular interest in order to discriminate the

bond and the second to that with respect to tkeNCdouble vibrational spectra of each isomer.
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TABLE 2: Theoretical Frequencies of the Four Isomers of Formimidic Acic?

Theoretical shift

L p % i

Assignment (s-Z)-(E): (1) (s-Z)-(Z): (2) (s-E)-(Z): (3) (s-E)-(E):(4) Av,,  Av, Av,
(OH) 3746 (18) 3784 (13) 3824 (18) 3851 (36) 38 78 105
(NH) 3536 (4) 3455(3) 3470 (2) 3537 (6)

(CH) 3113 (9) 3166 (3) 3116 (7) 3040 (24)

C=N 1714 (100) 1715 (100) 1749 (64) 1746 (97) 1 35 32
CH/ NH 1396 (8) 1410 (0) 1418 (4) 1417 (7)

CH/ NH/OH 1371 (0) 1346 (12) 1303 (100) 1328 (77)

CH/ OH/ NH  1192(32) 1127 (82) 1175(9) 1192 (20)

NH+ CO 1062 (68) 1069 (28) 1056 (18) 1049 (100)

OH/ NH 1045 (0) 1064 (22) 1056 (15) 1033 (0)

NH 825 (12) 847 (18) 870 (8) 826 (30)

a Relative intensities are given as percentages, = v(isomeri) — v(isomer 1): Avay, v(s-2)-(2) — v(s-2)-(E); Avsy, v(sE)-(2) — v(s-2)-(E);
Ava, v(sE)-(E) — -v(s-2)-(E). v, stretching;o, bending;z, torsion. Theoretical frequencies were obtained by use of B3LYP/6-&(2d,2p).

For example, the OH mode ofl is calculated at 3746 cr,
compared to 3784, 3824, and 3851 dnfor 2, 3 and 4,
respectively, leading to respective shifts of 38, 78, and 105'cm
with respect tal (Table 2).

In the vC=N region we can separate the lower frequency
stereoisomersl and 2, predicted at 1714 and 1715 cip
respectively, from the higher frequen8yand 4, predicted at
1749 and 1746 cmi respectively. As in the upper case, if we
refer to 1, the shifts are 1, 35, and 32 cf For 1 and 2, the
vC=N mode is the most intense, while tlkd\H and 6OH
modes are the most intense in the cas@ ahd4 (Table 2).

The second part of our theoretical investigations was devote

FTIR Spectra of Formimidic Acid in Xe, N 2, Ar, and Ne
Matrices. After 500 min of irradiation at 240 nm in Xe, NN
Ar, and Ne, the formamide absorption bands nearly vanish while
new absorptions due to formimidic acid grow (Figure 2). Besides
the bands related to the formimidic acid, we also observe several
other products yielded in a small amount such as theNEQ
and the HNCGH, complexes. These products have been already
reported by Lundell et &.in their formamide decomposition
study performed at 193 nm. In addition, we also observe after
formamide irradiation in argon matrix a small band at 3608tm
(Figure 2) whose origin will be further discussed below in the

dtext.

to the reactional pathways of the isomerization reactions and As shown in Figure 2, which displays th¢OH) andv(C=
the localization of the transition states. Following the two-step N) stretching regions of formimidic acid, several bands are

procedure described under Computational Details, we haveobserved in each region that suggest the presence of several
examined the reaction pathways involved in the isomerizations photoproducts. From comparisons between experimental and
between the four stereoisomers. These reaction pathways argheoretical frequency shifts in these two regions (labeled in Table

displayed in Figure 1.

In the case of the rotation around the single@ bond, the
transition state for the reaction betwektand4, noted Ts1, is
found to be 45 kJ mot (ca. 3700 cm?) abovel. The transition
state (Ts2) of the reaction betwe2mand3 is found to be 35 kJ
mol~? (ca. 3000 cm?!) above2. These two transition-state

3 asAvj; = v(isomeri) — v(isomer 1), we deduce that two
different structures of formimidic acid are found in Xe (Figure
2a), Ne (Figure 2d), and Ar (Figure 2c), whereas three different
isomers are detected inyMnatrix (Figure 2b).

In the v(OH) region, the most intense band observed in Xe,
N,, Ar and Ne matrices is located at 3529, 3550, 3557, and

structures are found to be nonplanar, exhibiting HCOH dihedral 3570 cn1?, respectively. This band corresponds to the most

angles close to 90 These two barrier heights are typical of IR

stable structure]l, which is expected from the theoretical

energies. Thus we expect to be able to induce these reactionsalculations to give the lower frequency in th€OH) region.

by irradiating in thevOH spectral region.

In the case of rotation around the=G! double bond, that is,
1— 2 and3 — 4, the barrier heights are predicted to be in both
cases about 100 kJ n1él(i.e., 9000 cm?). The two transition
states, respectively Ts3 and Ts4, display planar structures wit
CNH angles of 180 (Figure 1). The experimental implication

Such a shift for ao(OH) mode relative to the same species is
consistent with a matrix effectv(Xe) < v(Ny) < v(Ar) <
v(Ne)], which is generally observed in the matrix isolation
studiest> 17 We notice also that the frequency of this mode is
hlower than the free OH stretching mode expected above 3600
cm~1 in argon matrix and this change is mainly due to an

is that it should be impossible to induce these isomerizations intramolecular hydrogen bond as shown in the previous part.

by irradiating in thevOH spectral region. Finally, we specify
that we did not perform any reaction pathway calculations for
the formamide— formimidic acid reactions because it has
already been done by Maier and Endrasthe SO electronic
state and will be the subject of a forthcoming publication.

In Ar and Ne matrices (Figure 2c,d), in addition to the
absorption bands assigned to the most stable sterecisomer, we
observe weaker bands located at 3592 and 3609 ameach
respective matrix. The shifts of these bands are 35 and 39 cm
toward the higher wavenumbers in comparison with the
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Relative energies
(kJmol ' o
15k 4
45 kJ.mol ! 0| 3 5 kl.mol
(2) .
(3)
15 kJ.mol"! 15.5 kl.mol"!
(1)
Relative energies
A
(kJ.mol 1)
i Ts3 & S
il
o
105 kI.mol™
104 kJ.mol!
IE A &) £, ZAlll *
v i 15 malt ||| 2 3 15.5 kJ.mol 22 kimol'
(1)

Figure 1. Theoretical isomerization pathways between the four conformers of formimidic acid. Stationary points and transition states were performed
with the B3LYP/6-311#G(2d,2p) method.

02 AU TABLE 3: Comparison between Experimental and
bl , ) _ [1-0 AU Theoretical Frequency Shift$
v(OH) region v(C=N) region T -y
A }\ ex_pt requenmes N
e N e a N exptl shiftsAvii(exp) (cnT?) .
1) , theor shift§
M 3 Xe N2 Ar Ne Aviy(theo)  species
o | A
M @ vi(OH)
@ Mk }lq @) v 3529 3550 3557 3570 @-(E)
s y i ®) vl Avyy 3580/30 3592/35 3609/39 38 B-(2)
3608 o ) @ valAvsy, 3593/64 3617/67 78 -2
L | 2 © valAvay 3632/82 105 (£)-(E)
AR § i ) v C
@ i(CN)
k v 1662 1669 1665 1672 @-(E)
A I @ vol Avyy 16663 1670/5 1673/1 1 DH-2
3620 3580 3540 1690 1680 1670 1660 va/Avs 1688/26 1694/25 35 -2
valAvay 1690/21 32 (E)-(B)

Wavenumber (cm™)
a Avip = v(isomeri) — v(isomer 1) for thev(OH) and v(C=N)
modes.? Theoretical shifts were obtained by use of B3LYP/6-

311+G(2d,2p).

Figure 2. FTIR spectra of formimidic acidta4 K obtained from
formamide irradiated with wavelength of 240 nm (500 min) in (a) xenon
matrix, (b) nitrogen matrix, (c) argon matrix, and (d) neon matrix.
Asterisks indicate’(NH,) stretching mode of remaining formamide.
Labels for isomersl—4 of formimidic acid (see text) are shown in

parentheses. AU, absorbance unit. In N2 matrix, we observe in the(OH) region two weak

absorption bands located at 3580 and 3617 crwhich are
shifted by 30 and 67 cmt with respect to the frequencies of
frequency observed in these two matrices. These values are irthe 1 tautomer. As above, these shift values are consistent with
good agreement with the computational values reported abovethe presence o? and3 structures in this matrix. The case of
(38 cnt?) for 2 (Table 3). the band located at 3554 cmremains unclear because no
In Xe matrix, besides the band at 3529 ¢nassigned to the ~ comparison between the theoretical and experimental shifts
1 tautomer, we also observe a weaker band located at 3593seems possible. As will be confirmed below, we assign this band
cmL, shifted by 64 cm?® with respect to the first band. This  to a site trapping.
shift is close to the predicted value (78 thcalculated between In thev(C=N) region (1706-1665 cnTl) we observe, as was
1 and3 stereoisomers. Thus the band at 3593 tim assigned predicted by quantum calculation, new vibrational bands, which
to isomer3. grow in two different ranges: a “low frequency” range (1662
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Figure 3. FTIR spectra of formimidic acid in nitrogen matrix 4 K before infrared irradiation (a) and difference spectra showing the effect of
selective IR irradiation on the(OH) stretching mode of isomer at 3544 cm? (b) and isomerR2 at 3580 cm? (c). Labels for isomerd—4 of
formimidic acid are shown in parenthesésis the trapping site of isomet.

TABLE 4: Comparison of Calculated Frequencies for the
(s-2)-(E) Stereoisomer of Formimidic Acid (1) with
Experimental Frequencie$

: calcd
exptl frequencies (cn) frequencies
assignment Xe N Ar Ne (cm™)
vOH 3529 (m) 35443550 (m) 3557 (m) 3570 (m) 3746 (18)
vNH 3381 (w) 3362 (w) 3381 (w) 3536 (4)
vCH 2971 (w) 2980 (w) 2988 (w) 2971 (w) 3113 (9)
vC=N 1662 (s) 16691667 (s) 1665 (s) 1672 (s) 1714 (100)
OCH/ONH 1365 (m) 1372 (m) 1367 (m) 1365 (w) 1396 (8)
OCH/ONH/6OH 1371 (0)

SCH/SOH/SNH 1170 (m) 1166 (m) 1169 (m) 1170 (m) 1192 (32)

ONH +vCO 1046 (m) 1058 (m) 1045 (m) 1046 (m) 1062 (68)
TOH/NH 1045 (0)
TNH 817 (W) 828-832 (w)  816(w) 817 (W) 825(12)

a Calculated frequencies were obtained by use of B3LYP/6-
311+G(2d,2p). Experimental frequencies were obtained after irradiation
of formamide att = 240 nm at 4 K in Xe, N, Ar, and Ne matrices.
Theoretical relative intensities are given in parentheses and are
normalized to the most intense band. Experimental relative intensities
are indicated by s, strong; m, medium; and w, wealstretching;o,
bending;z, torsion.

1672 cnt?) linked with 1 and 2 (Figure 2) and a “high
frequency” range (16881694 cnt?) linked to conformers3
and 4 (Figure 2). The experimental shift close to 25 ¢m

observation of this latter structure is supported by the presence
of strong bands located at 1300 and 1286 tin Xe and N
matrices, respectively. Moreover, due to the fact that these latter
bands are the most intense of the observed spectra, we assign
them to thed(OH) bending mode oB, as predicted by the
theoretical results.

At this point of the study, we observe in argon and neon
matrices that the irradiation of formamide leads to the formation
of structuresl and?2. In xenon matrix, it leads to the formation
of the 1 and 3 structures, while we observed the formation of
the three structurel 2 and3 in nitrogen matrix. These results
confirm those reported by Maier and Endfesyho have
observed in argon matrix the presence of only stereoisofiners
and?2. The correlated changes of isomer distribution with the
rare gas matrices cannot be explained only by the isomer
stability. Indeed, the2 and 3 isomers are predicted to have
similar energies and thus these two forms should be similarly
populated. The matrix cage sizes and thus the steric effect do
not seem to have a striking impact on isomer stabilization.
Indeed, in Xe, which has the largest cage size matrix, we do
not observe the three forms. Then it seems that the changes in
the distribution of stereoisomers according to rare gas matrices
are induced by the polarizability of the matfFor example,

3, for which the OH group is s-trans with respect to theN

between these two frequency groups is consistent with the valuebond and which has a calculated dipolar moment (2.8 D) higher

predicted by the calculations (35 c#). The large number of
features observed in the lower frequency area: two in Xe (Figure
2a), three in N (Figure 2b), four in argon (Figure 2c), and two
in Ne (Figure 2d) suggests that the structdres trapped in
different sites in Xe, B and Ar matrices. The weakest bands
observed at 1666 cm in N2, 1670 cmitin Ar and 1671 cm?

in Ne are due to the structu2 The structure3 is observed
exclusively in Xe at 1688 cmt and in N> at 1694 cm®. The

than that of2 (2 D), is not observed in low-polarizability Ar
and Ne matrice® On the contrary, this structure is observed
in Xe, which is known to be the most polarizable matfix.
Concerning the stereoisomer of weakest polatyye observe

it only in low-polarizability matrices such as Ar and Ne and
not in Xe.

On the other hand, it has been reported that themdtrix

has a polarizability on the order of A?.Despite this fact, the
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TABLE 5: Comparison of Calculated Frequencies for the TABLE 7: Comparison of Calculated Frequencies for the
(s-2)-(Z2) Conformer of Formimidic Acid (2) with (sE)-(E) Conformer of Formimidic Acid (4) with
Experimental Frequencie$ Experimental Frequencie$
exptl frequencies (crm) freéﬁ!ecr?cies assignment N calcd frequencies (cm)
assignment Y Ar Ne (cm™) v(OH) 3632 (w) 3851 (36)
v(NH) 3537 (6)
vOH 3580 (w) 3592 (w) 3609 (w) 3784 (13) »(CH) 3040 (24)
vNH 3357 (w) 3455 (3) »(C=N) 1690 (s) 1746 (97)
vCH 3055 (w) 3048 (w) 3166 (3) S(CH/ONH) 1417 (7)
vC=N 1666 (s) 1670 (s) 1671 (s) 1715 (100) SCHIONH/OOH 1293 (s) 1328 (77)
OCH/ONH 1410 (0) SCHIOOHIONH 1192 (20)
OCH/ONH/OOH 1332 (w) 1335 (w) 13371332 (w) 1346 (12) SNH + vCO 1053 (s) 1049 (100)
OCH/OOH/ONH 1128 (m) 1099 (m) 1099 (m) 1127 (82) TOH/INH 1033 (0)
ONH+vCO 1073 (m) 1053 (m) 1053 (m) 1069 (28) NH 826 (30)
TOH/TNH 1048 (m) 1048 (m) 1041 (m) 1064 (22)
NH 841 (w) 832 (w) 833 (w) 847 (18) aCalculated frequencies were obtained by use of B3LYP/6-

. . 311+G(2d,2p). Experimental frequencies were obtained after IR
?Calculated frequencies were obtained by use of B3LYP/6- jradiation (3544 cmt) of the (s2)-(E) isomer of formimidic acid at
311+G(2d,2p). Experimental frequencies were obtained after irradiation 4 k in an N, matrix Theoretical relative intensities are given in
of formamide atl = 240 nm at 4 K in N, Ar, and Ne matrices.  parentheses and are normalized to the most intense band. Experimental
Theoretical relative intensities are given in parentheses and areyg|ative intensities are indicated by s, strong; m, medium; and w, weak.
normalized to the most intense band. Experimental relative intensities , stretching;d, bending;z, torsion.
are indicated by s, strong; m, medium; and w, weakstretching;o,

bending;z, torsion. . L. . . .
g irradiations were carried out in the three other matrices, no

noticeable spectral changes were observed at our recording time

TABLE 6: Comparison of Calculated Frequencies for the scale, that is, 30 s for each spectrum. It does not mean that no
S);Eg(iﬁ)]e%?;fgr@glzeogcfgém'm'd'c Acid (3) with photoeffects occur, but certainly that our recording time scale
is too long compared to the lifetime of the photoproducts in
exptl frequencies (crr) calcd these three medi&:2%

assignment Xe N frequencies (cm) Irradiation at 3544 cml. The main effect of irradiation at
vOH 3593 (w) 3617 (w) 3824 (18) 3544 cnr! of thev(OH) mode of stereoisoméris the decrease
vNH 3470 (2) of the bands at 3544, 3362, 2980, 1669, 1058, and 828 cm
zgiN 1688 (s) 312699%1(2)) 311714(158(25 2 counterbalanced by the increase of those at 3550, 1667, 1057,
SCHISNH 1391 (w) 1418 (4) and 832 cm! on one hand and on the other hand by the
SCH/SNH/6OH 1300 (s) 1286 (s) 1303 (100) appearance of those at 3632, 1690, 1293, and 1053 igure
OCH/SOH/ONH  1166-1167 (w) 1177 (w) 1175 (9) 3b, Table 4). If we compare the experimental sets of bands with
53:::/1' LCO 11823 ((W)) 1135?2 ((1158)) the theoretical ones, it is clear that the former set of increasing
TOH/T w ] ; i ; '
NH 847 (w) 860 (w) 870 (8) bands is due to a trapping site of the stereoisoinébeledl’,

whereas the second set matches isomé€rable 3). Thus the
2 Calculated frequencies were obtained by use of B3LYP/6- IR irradiation of thev(OH) stretching mode df leads to isomer

311+G(2d,2p). Experimental frequencies were obtained after irradiation 4. |t should be noted that we observe a complete back reaction
of formamide at = 240 nm at 4 K in Xe and Nmatrices. Theoretical from 4 to 1 in 10 min at 4.4 K in the IR beam of the

relative intensities are given in parentheses and are normalized to the trophot ter. We think that the glob hot inl
most intense band. Experimental relative intensities are indicated by s,sPeC rophotometer. VVe think that the globar pnotons are mainly

strong; m, medium; and w, weak, stretching;d, bending;z, torsion. involved in this back reaction.
Irradiation at 3580 crl. After the irradiation on the(OH)
three structures pointed out above are detected. It seems thafode of stereoisome at 3580 cm* (Figure 3c), we observe
the stabilization of the isomers is ruled by the electrostatic the decrease of bands centered at 3580, 3357, 1666, 1332, 1128,
interaction between their OH groups and thgrblecules of 1073, 1048, and 841 crh, while those assigned ®at 3617,
the cryogenic crystal instead of the polarizability of the maftix. 3299, 1694, 1391, 1286, 1177, 1058, 1043, and 860'cm
IR Excitation of Formimidic Acid Stereoisomers. As increase. Irradiation at 3617 crhallows the complete back
reported in the literature, infrared irradiation is able to induce iSomerization oBto 2. Itis also obvious that the globar photons
changes in the conformational distribution of a molecule in a induce also this back conversion but at a lower rate.
low-temperature matriz?-24 The mechanism that is generally These IR-selective irradiations allowed us to suggest a
proposed to explain the isomerization processes involves complete vibrational assignment for each stereocisomer and they
absorption of radiation, followed by a conversion into internal have been used to compare the sets of vibrational bands in the
rotation modes by intramolecular energy transfer only if the three other matrices (Tables-7).
internal rotation barrier is on the order of the energy of the IR UV Irradiation ( 4 > 160 nm) of Formimidic Acid. The
photon. In our case, from our theoretical calculations, an IR vacuum UV irradiationsA > 160 nm) of formimidic acid were
irradiation in thev(OH) region at ca. 3600 cm (i.e., 43 performed in Ar and Xe matrices at 10 K. The half-life of
kJ-mol~1) should provide sufficient energy to overcome the formimidic acid decomposition in Ar matrix is reached after
rotation barrier around the-€0 bond. Then, all isomers of the 260 min, whereas in xenon matrix, it is reached after only 15
formimidic acid could be observed and the assignment of the min.
vibrational bands of each isomer should be realized unequivo- Thus, after vacuum UV irradiation in Ar and Xe matrices of
cally. formimidic acid, new bands appear, particularly in the typical
We will just describe below the selective IR irradiations that region of isocyanic acid (HNCGY,HCN (2100-2090 cn1?),28
we performed in N matrix because this is the only matrix in  HNC (2060-2040 cn1?),2° and also in the typical region of
which we have observed striking effects. Indeed, when the samewater (3708-3600 and 16561500 cnt?) (Figure 4, Table 8§°
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Figure 4. FTIR difference spectrum between the formimidic acid in argon matrix before irradiation and after vacuum UV irradiation (500 min)
at4A > 160 nm in argon matrix at 10 K; the products arising from the photodissociation process are shown as positive, and the formimidic acid
appears as negative. AU, absorbance unit.

SCHEME 2: Possible Mechanism of Decomposition of Formimidic Acid
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By comparison with previous studies, we can easily assign eachof the formaldoxime (HC=NOH), an isomer of formimidic

of these bands to different complexes. The formation of the acid. The bands assigned in our spectra to these complexes are
HNCO-H, complex after vacuum UV irradiation of formimidic  labeled in Figure 4 and the frequencies are reported in Table 8.
acid is deduced from the presence of its strong bands locatedit is noticeable that before the formimidic acid irradiation at

at 2264 cnt! in argon matrix or 3480 and 2254 cin xenon
matrix2 The HNCOH; complex (Figure 4, Table 8) has been
already observed by Lundell et%il their photodecomposition

160 nm (i.e., after the photolysis of formamide at 240 nm in
order to form formimidic acid), a small amount of complex A
is observed, characterized by the band located at 3608 cm

study of formamide at 193 nm in argon and xenon matrices. (Figure 2). Thus we can conclude that formimidic acid is also

Thus, formimidic acid is also a source of the HNGEH able to be dissociated at 240 nm. Nevertheless, at this
complex. We suggest that the reaction pathway leading to this wavelength, the photoprocess is less efficient than at 160 nm,
complex from formimidic acid involves a cleavage of the OH which suggests that the formimidic acid could have an absorp-

and CH bonds followed by recombination of hydrogen atoms.

In addition, in thevCO stretching region, we observe after
irradiation a small band at 2145 cfin argon matrix due to
the CONH complex coming from HNCO photolys#s.

After 505 min of irradiation of the formimidic acidt(> 160
nm), we observe the formation in argon matrix of two different
hydrogen-bonded HCK,O and HNCH,O complexes display-
ing two orientations: NCHOH, (complex A) and HCN-HOH
(complex B) for the first type of complex and CNHDH,
(complex C) and HN&HOH (complex D) for the second type

tion band closer to 160 nm than 240 nm.

Using the results in argon matrix, we also observe in xenon
matrix that a sharp band in tCN) region at 2088 crt grows
after irradiation of the formimidic acid, which can be assigned
to complex A (Table 8). In the/(CH) andv(NH) stretching
region, two bands at 3290 and 3284 dntan be assigned to
complexes B and C, respectively (Table 8). Unfortunately, with
our experimental conditions in xenon matrix, we did not detect
complex D. As for the formaldoxime, the formation of these
complexes should result from a breaking of the CO bond and

(Figure 4). The structures of these complexes are shown information of the OH radical, followed by a recombination of
Scheme 2. The identification of these complexes is based on athis radical with one of the hydrogen atoms of HCNH radical

recent study in which Heikkilaet al3? report the vibrational

to yield either HNC+ H,O or HCN + H,O (see Scheme 2).

bands of these complexes from the irradiation in argon matrix This dehydration process has been considered only from a
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TABLE 8: Observed Absorption Bands after Vacuum
UV-Induced Photodecomposition of Formimidic Acid in
Argon and Xenon Matrices at 10 K

obs band (cm?)
argon xenon

species complex assignmerit
3715 HO (+HCN) C v(OH)
3608 HNC (+H,0) D v(NH)
3594 HO (+HCN) C v(OH)
3560 HO (+HNC) D v(OH)
3480 HNCO (+Hy) v(NH)
3439 ?
3298 3290 HCN{H,0) C v(CH)
3284 3284 HNC{H,0) B v(NH)
3184 3130 HCN{H,0) A v(CH)
2264 2254 HNCO+H,) »(NCO)
2145 CO (-NH) v(CO)
2090 2088 HCN¢H,0) A v(CN)
2048 HNC ¢-H,0) D v(CN)
1629 HO (+HCN) C O0(HOH)
1598 HO (+HCN) A O0(HOH)
843 HCN (+H;0) A O(HCN) oop
766 763 ?
727 729 HCN {-H,0) C O0(HCN) oop

a(A) NCH-OH, complex; (B) CNHOH, complex; (C) HCNHOH
complex; (D) HNGHOH complex.? v, stretching;d, bending; oop,

out of plane.

theoretical point of view in the case of acetamide, and the most
favorable mechanism leading to the dehydration product is

described as occurring in the ground stte.

5. Conclusion

Duvernay et al.

or their tautomers is reported for the first time, and that can
induce new insight into the photochemical mechanism of these
molecules.
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