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The complexes formed by isothiocyanic acid HNCS and its deuterated analogue DNCS with carbon monoxide
have been observed and characterized in argon and nitrogen matrixes. The product bands and their shifts
relative to the corresponding monomer absorptions prove that the complexes are hydrogen bonded with the
carbon-attached structure ©EHNCS. The structure, energetics, and vibrational properties of the complexes
have been calculated by ab initio at the MP2 level. Two stable minima were localized on the potential energy
surface. Both involved an almost linear hydrogen bond from the NH group of the isothiocyanic acid molecule
to either the carbon or the oxygen atom of the CO molecule. The-BRCS and CG-HNCS complexes

were found to be weakly bound by2.84 and—1.33 kcal/mol, respectively.

Introduction with ca. 70% HPO, (or DsPOy). It was collected and shortly
h stored at low pressure in a glass bulb. The gas mixtures of
HNCS/DNCS and CO diluted in Ar or Nhave been deposited
phenolsi 12 nitric,1415 nitrous or sulfurid’acid, and other$-22 onto a gold-coated_copper mirror_ maintained ty_pically at15s or
Accurate theoretical studies of the intermolecular potential 18 K for argon or nitrogen deposmqns, respectlvgly, by means
surfaces for such systems reveal the existence of two hydrogen0' & closed-cycle helium cryostat (Air Products, Displex 202A).
bonded OG-HX and CO--HX structures. Both compiexes Infrared spectra between 4000 and 500 ¢nvere recorded at
involve a hydrogen bond from the donor group to either the 11 K'in ? refleclt(lon mode with a resolution of 0'.5 CFnby_ h
carbon or the oxygen atom of the carbon monoxide molecule. Means of a Bruker 113v FTIR spectrometer equipped with a

The carbon-attached structures have been predicted to represeriduid nitrogen cooled MCT detector. . .
a stronger interaction than the oxygen-attached ones. Experi- Before the three component spectra were investigated, the
mental findings point mostly to the OGHX structure with a ~ Parent molecules spectra were measured. They are in general
proton donor molecule interacting with the carbon atom of agreement with those previously reportéc® Small amounts
carbon monoxide. The OGHX type of interaction prevails of nitrogen and/or water impurities were present in the studied
over the CG--HX type in the gas phase and in the low- Systems. The spectra were checked as to the possible bands due
temperature matrixes in those cases when components of thd0 complexes formed between CO, HNCS, angOHor N,
complex are deposited from the gas phase and the globalaccording to earlier studies’:®24
minimum on the potential energy surface is reached. The Annealing of the samples was performed at 25 and 30 K for
oxygen-attached structure is formed in larger yield while the argon and at 25 and 28 K for nitrogen matrixes. The changes
carbon monoxideHX complex is generated directly in the observed upon annealing speed up at higher temperature;
matrix cage. For instance, Schatte et®leported formation ~ however, matrixes with less (HNCSyr (DNCS) dimer are
of both OG++HF and CO--HF complexes by UV photofrag-  obtained after longer but gentle heating at 25 K.
mentation of matrix-isolated formyl fluoride. In turn, Lundell Computational Details. All calculations were performed
and RaaerP have studied the HCOOH photodecomposition within the framework of the ab initio approach using the
and found the C®-H,O structure to be favored over the Gaussian 98 package of computer coflehe complex
OC:---H,0 structure in xenon matrix. properties were considered via the supermoleculétidvte

As a part of wider study of the isothiocyanic acid and its Plesset perturbation theory to the second (MP2) cfg&The
complexes in low-temperature matrix8s* we examined the  structures of the isolated monomers, HNCS and CO, and the
interaction of HNCS with carbon monoxide. Both argon and structures of HNCS complexes with CO were fully optimized
nitrogen matrixes were used to check the influence of the more using the 6-31%++G(2d,2p) basis set. Vibrational frequencies
reactive N environment on the studied complexes. The present and intensities were computed both for the monomers and for
work reports the results of these experimental studies supportedhe complexes. Interaction energies were corrected by the-Boys
by high level ab initio calculations. Bernardi full counterpoise correctighat the MP2 level.

Carbon monoxide is known to form weak complexes wit
various proton donor molecules such as watémethanof 19

Experimental Section

Matrix Isolation Studies. Gaseous HNCS (or DNCS) was

freshly prepared in a vacuum line by the reaction of KSCN Experimental Spectra.lsothiocyanic Acid with CO in Argon
Matrixes. When both carbon monoxide and HNCS are co-

* Corresponding author. E-mail: mw@wchuwr.chem.uni.wroc.pl. deposited with Ar, a number of bands appear which were not
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Figure 1. v; NH (v1 ND) andv, CN stretching regions of infrared spectra of matrixes. Upper: HNCS/A¥1200 (a), HNCS/CO/Ar 1/1/1500
(b), HNCS/CO/Ar= 1/3/1500 (c), and HNCS/CO/A+ 1/6/1500 (d). Lower: (HNCS+ DNCS)/Ar = 1/1200 (a), (HNCSt+ DNCS)/CO/Ar=
1/1/1500 (b), (HNCSt DNCS)/CO/Ar= 1/2/1500 (c), and (HNCS- DNCS)/CO/Ar= 1/6/1500 (d). The letter “m” denotes isothiocyanic monomer
absorptions; asterisks indicate bands due to the HN;ScomplexX* present as an impurity.

observed in the parent molecule spectra. Figure 1 presents thdo thev; ND, v, CN, andv CO absorptions of the corresponding

v1 NH andv, CN stretching regions in the spectra of HNCS/ monomer species are observed at 2580.7, 1947.3, and 2154.6
CO/Ar matrixes and the corresponding regions in the spectracm1.

of the deuterated sample. A set of bands at 3442.1, 1990.0, In the spectra of matrixes containing a higher excess of CO
852.6, and 631.6 cri is situated close to they NH, v> CN, v3 (1/3 and 1/6), additional weak absorptions appear in bath
CS, andv4 NCS fundamentals of the HNCS monomer, NH andwv, CN regions at 3433.6, 3429.8 cfand 2005.9,
respectively. A new band blue shifted with respect to the CO 1997.3 cn1?, respectively. The relative intensities of these bands
monomer absorption (at 2138.2 chhis also present at 2154.1  increase with respect to the corresponding 1:1 complex bands
cmt as shown in Figure 2. The relative intensities of these at higher CO concentrations. They are assigned to higher order
absorptions are independent of the matrix concentration and areaggregates (C@QHNCS. Annealing of the matrixes leads to
equal tol(3442.1)I(1990.0)I(852.6)I(631.6)I(2154.1)= 1/1/ increase of the intensity of all product bands. New bands
0.01/0.25/0.1. Several experiments have been conducted withappearing in the spectra of HNCS(DNCS)/CO/Ar matrixes are
partly deuterated isothiocyanic acid. Three new features closegiven in Table 1.
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Figure 2. v CO stretching region of infrared spectra recorded for matrixes. Ar: CG#At/500 (a), HNCS/CO/Ar= 1/3/1500 (b), and

(HNCS+ DNCS)/CO/Ar= 1/3/1500 (c). N: CO/N, = 1/1000 (a), HNCS/CO/N= 1/3/1800 (b), (HNCS+ DNCS)/CO/N = 1/3/1800 measured
at 11 K (c), and (HNCSt DNCS)/CO/N = 1/3/1800 measured at 18 K (d). Asterisks denote bands due tol;0 complex at 2149.3, 2148.6
cm ! (Ar)® and at 2147.4 crit (N) present as an impurity.

TABLE 1: Band Positions and Wavenumber Shifts (cnT?)
for HNCS/DNCS Complexes with Carbon Monoxide in
Argon and Nitrogen Matrixes

HNCS/CO DNCS/CO mode
v Av v Av
Argon Matrix

3459.4 —49.1  2596.5 —25.7 v NH/vND 11
3442.1 -66.4 2580.7 —41.5 11
3433.6 —749 2574.4sh -—47.8 1in
3429.8 —78.7 1in
20059 +24.1 12 CN 1n
1997.3 +155 1n
1996.7 +14.9 1951.8 +12.2 11
1990.0 +8.2 1947.3 +7.7 11

852.6 +2.6 v3CS 11

631.6 +53.6 v4NCS 11
2154.1 +15.9 2154.6 +16.4 v CO 11

Nitrogen Matrix

3480.2 -—17.2 v1NH/v1ND  nnn
3457.0 —404 25934 —25.7 11
3448.4 —49.0 2587.7 -31.4 1:1
3431.8 —-65.6 2576.4 —42.7 1in?
2012.2 +15.7 1961.0 +8.7 v,CN 1n?
2002.3 +5.8 1956.2 +3.9 11
2000.2 +3.7 19547 +2.4 1:1
21546 +14.9 2155.3 +156 v CO 11
2152.0 +12.3 21527 +13.0 1:1

Isothiocyanic Acid with CO in Nitrogen MatrixeSpectra

0.19. Upon annealing of the matrix, the most intense absorption
at 3448.4 cm! moves slightly to higher wavenumbers (3449.6
cm~1) and its intensity increases as compared to other product
bands. The absorption at 3457.0 dmoses its intensity on
heating and simultaneously, the intensity of the weak shoulder
observed in the initial spectrum at 3454.1dnincreases. Two
other product bands observed in theNH region at 3480.2
and 3431.8 cm! lose their intensity on heating as compared
with the most intense band at 3448.4 dniThese changes are
rather slow since aftel h annealing at 25 K both 3457.0 and
3454.1 cnt! absorptions are present (see Figur8.3c

Three new features are observed in theCN region: a
doublet at 2002.3, 2000.2 crhand a weaker band at 2012.2
cm1, all blue shifted compared to the corresponding mode of
the acid monomer (1996.5 c). The relative intensities of
these absorptions with respect to each other and to the product
bands observed in the; NH region do not depend on CO
concentration in the matrix. The ratit{3448.4)I(2012.2)!
(2002.3, 2000.2) is equal to 1/0.7/1.8. Upon annealing, the
doublet at 2002.3, 2000.2 crhis replaced gradually by an
absorption of the intermediate wavenumber at 2001.1lcithe
band at 2012.2 crit moved slightly to the red (to 2011.3 cA).
There is also a (HNCg)Ximer band growing in its vicinity at
2012.5 cm,

In the v CO region two product absorptions are present in
the initial HNCS/CO/N spectra: a weak band at 2154.6 and a

of nitrogen matrixes containing both isothiocyanic acid and CO stronger one at 2152.0 crh both blue shifted compared to the
showed in addition to the monomer bands several new featuresy CO monomer mode (2139.7 ci). Upon annealing, the band

in the v1 NH, v, CN, andv CO regions. The corresponding

at 2152.0 cm? loses a part of its intensity and a new component

portions of the spectra are presented in Figures 2 and 3. Fourappears at 2153.2 cth In turn, the absorption at 2154.6 cin

product absorptions are observed in theNH region of the

increases relative to the 2152.0 chband.

spectra measured after matrix deposition. They are situated at The corresponding absorptions as in HNCS/CO#Nectra
3480.2, 3457.0 (with a shoulder at 3454.1), 3448.4, and 3431.8were localized for the deuterated sample with the only exception

cm?, all red shifted with respect to the NH stretch of the
HNCS monomer (3497.4 cm). The relative intensities of these

of the 3480.2 cm! band for which no counterpart was found
in thev, ND region. Three new bands in thre ND stretching

bands do not depend on matrix concentration, and the ratioregion red shifted compared to tlhe¢ ND mode of the DNCS

1(3480.2)I(3457.0)1(3448.4)I(3431.8) is equal to 0.64/0.56/1/

monomer (2619.1 cni) are situated at 2593.4, 2587.7, and
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Figure 3. v1 NH (v1 ND) andv, CN stretching regions of infrared spectra recorded for matrixes. Upper: HNGS/M1500 (a), HNCS/CO/N
= 1/1/1500 (b), and HNCS/CO#AN= 1/2/1500, after deposition at 18 K (c) and after 60 min annealing to 25Kh@th measured at 11 K. Lower:
(HNCS+ DNCS)/N, = 1/1500 (a), (HNCSt+ DNCS)/CO/N = 1/1/1500 (b), and (HNCS- DNCS)/CO/N = 1/2/1500, after deposition at 18 K
(c) and after 60 min annealing to 25 K')cboth measured at 11 K.

2576.4 cn1l. They correspond to those at 3457.0, 3448.4, and intensity on annealing, while that at 1956.2 Thrbecomes
3431.8 cnt in the v; NH, respectively. The annealing of the weaker. Absorption at 1961.0 cthcorresponding to the 2012.2
matrix leads to intensity changes within the observed set of cm™ band in the spectrum of nondeuterated sample loses its
bands similar to those for HNCS/CO/N'he maximum situated  intensity on heating. An additional feature is also growing in
at 2587.7 cm® moves slightly to higher wavenumbers and this region at 1958.0 cmt due to the (DNCS)dimer.
grows in intensity, and finally a broader absorption is present  For (HNCS+ DNCS)/CO/N matrixes containing ca. 50%
at 2589.6 cm* with a shoulder at 2593.4 cth Absorption at  of the deuterated acid, two doublets in th€O region were
2576.4 cm' decreases in a manner similar to that of its apparent in the spectra taken during deposition at 18 K (trace
counterpart at 3431.8 crh d in Figure 2) at 2154.6, 2155.3 cthand 2152.0, 2152.7 crh.
Three product bands corresponding to those found for the In the spectra measured at 11 K these doublets are hardly
nondeuterated sample are present inth€N stretching region resolved (trace c in Figure 2). All new bands appearing in the
of the DNCS/CO/N spectra. They are situated at 1961.0, spectra of HNCS(DNCS)/COMNmatrixes are gathered in the
1956.2, and 1954.7 cmh. The band at 1954.7 cm gains its right side of Table 1.



1932 J. Phys. Chem. A, Vol. 107, No. 12, 2003 Wierzejewska and Olbert-Majkut

monoxide molecule. The most conclusive evidence for the

% H O_Q carbon-attached complex is the blue shift of the product band

. found in the CO stretching region due to the bond strengthening
ﬂ as a consequence of the complex formatfét?. The presence
‘\ of the OG--HNCS structure is confirmed by the results of ab
3 3 initio calculations gathered in Tables 2 and 3. The-GiEINCS

complex (Figure 4) is predicted to be more stable by 1.51 kcal/
Figure 4. MP2/6-311-+G(2d,2p) calculated structures of HNCS Mol than the oxygen-attached G&HNCS complex. In addition,
complexes with carbon monoxide. the frequency shifts calculated for the carbon-attached complex

are in accordance with the observed ones.
TABLE 2: Calculated Geometry of the HNCS and CO

Monomers and HNCS+-CO and HNCS:+-OC Complexes at As presented in Table 2, calculations show that complexation
MP2 Level with the 6-311++G(2d,2p) Basis Seét with carbon monoxide influences slightly the geometry of the
parameter HNCS, CO monomers ©GINCS  CO--HNCS HNCS molecule. The NH bond shows a small elongation of

0.004 A, while the N=C bond becomes shorter by 0.004 A.

:EEZ)C) i-g%g 1-28& 1-283:2% These changes are in agreement with the observed spectral shifts,
r(C=S) 15736 15781 15752 namely a red shift of the; NH mode and a blue shift of the
r(C=0) 1.1370 1.1359 1.1390 CN mode.
6(HNC) 132.5 135.8 134.0 A slightly larger blue shift of thes CO in DNCS complex
6(NCS) 173.3 173.9 173.4 (16.4 cntl) than in the HNCS one (15.9 cr¥) is not surprising.
R(H-+-C) 2.2100 A similar small increase of the CO frequency was also
R(H:+-0) 2.2405 observed for CO complexes with hydrogen fluottfé and
zggtm)) 177.9 168.1 wateP after deuteration. An explanation for a slightly higher

) CO frequency in the OEDNCS complex than in the O€
AECP —2.84 —-1.33

HNCS one is given by the performed ab initio calculations. The
2Bond lengths are in angstroms, angles in degrees, and interactioncalculated difference in zero point vibrational energi®ZRE)

energies in kilocalories per mole. between the complex and its subunits is equal to 1.11 and 0.95

kcal/mol for OG--HNCS and OG-DNCS complexes, respec-

Computational Results. Two stationary points were found  tively. Consequently, the binding enerdshd = Einrt+ AZPE)

on the PES for the isothiocyanic aetdarbon monoxide s responsible for higher stabilization of ®EDNCS than

interaction at the MP2/6-3#1+G(2d,2p) level of theory. The  OC---HNCS and for a slightly stronger hydrogen bond in the

corresponding structures are presented in Figure 4. Both of themformer complex.

are planar involving an almost linear hydrogen bond withHN The higher energy C&HNCS form with the N-H group
group of isothiocyanic acid directed toward either the carbon girected toward the oxygen atom of the CO molecule is not

or the oxygen end of the CO molecule. The results of geometry jqentified in the studied spectra. According to both experimental
optimization of the monomers and HNCS complexes with CO apq theoretical finding®16-1922the G=0 stretch is red shifted

are collected in Table 2. The calculated vibrational frequencies i this complex. There is no new absorption observed in the
for both HNCS and DNCS complexes are gathered in Table 3. gt,died spectra downward shifted with regard to the CO

In addition, relative intensities and frequency shifts with respect onomer band, and hence formation of a-6BNCS complex
to the calculated monomer values are presented. For comparisons ryled out.

purposes the corresponding spectral .shifts. observed for The spectra of HNCS/CO/MNand DNCS/CO/N matrixes
gtcr:oglgrl?lgrse %ncc?u((j);-DNCS complexes in solid argon and recorded at 11 K showed a relatively complicated set of bands.
' The bands observed at 3448.4; 3457.0, 2002.3; 2000.2 and
2154.6; and 2152.0 cm in the spectra taken after deposition
(indicated with arrows in Figures 2 and 3) are attributed to the
Carbon Monoxide—Isothiocyanic Acid 1:1 ComplexesThe v1NH, v2 CN, andv CO modes in the 1:1 O&HNCS complex
set of bands at 3442.1, 1990.0, 852.6, 631.6, and 21541 cm isolated in two different trapping sites. Such assignment is
observed in the spectra of HNCS/CO/Ar matrixes independently justified, first by the small separation between the two site bands
of the concentration used can be assigned with confidence to(2—10 cnt?) which is typical for the multiple trapping site (mts)
the 1:1 complex of isothiocyanic acid with carbon monoxide. effect. Second, the annealing of the matrixes causes the
The deuterium counterparts of the 3442.1 and 1990.0'cm reorganization of the intensity within the doublets and leads to
modes were found at 2580.7,(ND) and 1947.3 cmt (v2 CN). the appearance of new components in very close vicinity of
The observed red shift of the NH and ND stretching modes the initial absorptions, which is also a characteristic feature of
with respect to the corresponding monomer vibrations are equalthe mts effect. Moreover, in the isotopic experiment the
to 66.4 and 41.5 cri, respectively, and indicate formation of OC:*DNCS spectra show a similar set of product bands at
a hydrogen bond between the interacting molecules. Blue shifts2593.4; 2587.7, 1956.2; 1954.7 and 2155.3; and 2152.7 cm
observed for the CN stretching modes in hydrogen and exhibiting analogous changes upon annealing.
deuterium complexesH8.2,+7.7 cnt?, respectively) confirm The origin of two other as yet unassigned bands at 3431.8
this conclusion. The CO stretching mode in HNCS and DNCS and 2012.2 cm! and their counterparts in the spectra of the
complexes is shifted by 15.9 and 16.4 ©hto higher wave- deuterated sample at 2576.4 and 1961.0%dsnot clear. Their
numbers, respectively, with regard to the corresponding CO shifts with respect to the corresponding monomer modes are
monomer value. higher than those found for the 1:1 complex. On the basis of
The presented experimental shifts of the fundamental modesthis observation the obvious assignment would be (EQCS
in the studied system point to the structure of - GBNCS type or (CO}DNCS species; especially those absorptions at similar
with the N—H group attached to the C atom of the carbon wavenumbers due to higher aggregates are present in the spectra

Discussion
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TABLE 3: Calculated Frequencies and Frequency Shifts (cm!) and Relative Intensities for CO Complexes with HNCS and
DNCS

OC-+-HNCS CO--HNCS OG--HNCS
v 11k Av v 1k Av AvexdAr] AvexdN2] assignment
3633 1.000 —90 3717 1.000 -6 —66.4 —49.0 v1 NH
2023 0.715 +15 2014 1.277 +6 +8.2 +4.7 v, C=N
876 0.004 —4 879 0.005 -1 +2.6 v3C=S
702 0.477 +48 663 0.745 +9 +53.6 v4NCS
494 0.006 +12 491 0.025 +9 16 NCS
520 0.037 +58 476 0.056 +14 vs NH
2131 0.035 +17 2109 0.057 -5 +15.9 +12.3 v C=0
OC---DNCS CO--DNCS OG--DNCS
v I/Inp Av % 1/Inp Av AvexAr] AvexIN2] assignment
2695 1.000 —58 2750 1.000 -3 —415 —28.5 v1ND
1978 0.771 +9 1973 1.317 +4 +7.7 +3.1 v, C=N
867 0.008 —6 871 0.006 -2 v3 C=S
559 0.251 -6 557 0.319 -8 v4NCS
475 0.001 +7 472 0.004 +4 16 NCS
451 0.088 +59 412 0.239 +20 vs ND
2130 0.046 +16 2108 0.123 -6 +16.4 +13.0 v C=0

TABLE 4: Wavenumbers of the v XH and v CO Stretching Vibrations (cm~') and Their Relative Shifts Observed for OC-HX
Complexes Isolated in Argon Matrixes

proton donor XH v XH in monomer v HXin HX--:CO  rel shift (%) v COinHX:-:CO rel shift (%) PA(X")P ref
H20 (v3) 3734.3 3723.4 0.292 2149.4 0.523 6,7
HBr 2559.6 2520.1 1.543 2152.4 0.664 1354 18
HNCS 3508.5 3442.1 1.892 2154.2 0.748 1361 this work
HCI 2870.6 2815.2 1.930 2154.3 0.753 1395 18
transHONO 3570.5 3498.9 2.005 2161.8 1.104 1423 16
HCOOH 3550.4 3470.2 2.259 2158.7 0.959 1445 20
HF 3919.5 3789.3 3.322 2162.4 1.132 1554 18,19
HNO3 3522 3399 3.492 2164 1.207 1358 15
H,SO, 3566.7 3371.1 5.484 2167.1 1.352 1282 17

ay CO monomer position in argon matrix is equal to 2138.2 &fiProton affinity PA(X") is defined as negative enthalpy of the % H* —
HX reaction, values in kJ/mot.The average of the two site bands is given.

of argon matrixes. However, rather unusual behavior of the between polar subunits in argon compared to more active
bands in question, namely their intensity decrease upon annealitrogen may be explained by electrostatic interaction between
ing, makes this suggestion doubtful. Since nitrogen forms rather N, and parent molecule®$;however, the steric hindrance effect
active matrixes, the O&HNCS complex may not be simply  may not be neglected.
solvated in solid nitrogen but a specific interaction is possible  Comparisons. It is interesting to compare spectral charac-
between the complex and one of the Molecules from the  teristics and energies of the ®@HNCS complex with various
matrix cage?? carbon monoxide complexes studied earlier. In Table 4 the

The 3480.2 cm! absorption is attributed to the nonnearest positions of thev XH and v CO stretching modes and their
neighbor interaction on the basis of its small red shift and relative shifts with respect to the corresponding monomer values
intensity decrease on annealing. are compared for different GEHX complexes isolated in solid

It is worth noting that the shifts observed for the @EINCS argon. The proton affinity values of acid anions PAjXare
complex in nitrogen matrixAv NH = —40.4 and—49.0 cn1? also given. The higher the PA of Xis, the stronger the
for two sites, respectively) are smaller than those in argon matrix interaction for the B-HX complexes with a particular base

(Av NH = —66.4 cnTl). A similar situation occurs for the  should be. It is often true for complexes of hydrogen halides
OC:--HCI complex, where the shifts of the HCI stretching with strong bases, but the opposite was found for most weak
mode relative to the HCl monomer value are equal-48.8! and medium baseéd. Complexes of various acids with CO
and—55 cnT132for nitrogen and argon matrixes, respectively. gathered in Table 4, with the exceptions of @®EINO; and

In turn, the opposite situation was reported for -©Cl, and OC---H,SOy systems, also follow the latter trend.

OC:+Br, complexes? A comparison of the calculated energie&CF for N, HNCS#

It is known that the strength of interaction between subunits and OC-HNCS complexes which are equal+d..64 and—2.84
in the matrix-isolated complex is usually different in different kcal/mol, respectively, reveals a stronger interaction in the latter
matrixes. For very strong hydrogen-bonded complexes of the system. Stronger interaction is accompanied by the larger
amine-HX type, the extent of proton transfer from hydrogen changes of the geometric parameters of the two subunits after
halide to the amine is increased in nitrogen as compared to thecomplex formation. For instance, elongation of the Ml bond
complex isolated in rare gas matrixes as demonstrated by a largaupon complex formation is equal to 0.004 A in @GINCS
difference of the spectra of these systethdor weaker while it is equal to 0.001 A in HNCS complex with nitrogen.
hydrogen-bonded and van der Waals complexes in some case#n turn, the G=N distance is shortened by 0.004 and 0.003 A,
the shifts observed in the spectra of nitrogen matrixes are weakemrespectively, in OEHNCS and N-HNCS complexes.
than those observed for argon matrix; however, in other cases It is interesting to compare various carbon monoxide com-
the opposite situation is trifé A strengthening of the interaction  plexes studied earlier. The @@HNCS complex is found to
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be 1.51 kcal/mol more stable than the GBINCS structure. 20(()113)56F(’1ie£eitéi,A.; Ramondo, F.; Bencivenni, L.; Spoliti, 91.Mol. Struct.
A similar energy difference was reported for the ©EOO0H : . N

and CO--HOOH systems (1.50. kcal/mo’rj?.ln turn, the carbon- | 16g4) Barnes, A. J.; Lasson, E.; Nielsen, CJJMol. Struct.1994 322,
attached complex between nitrous acid and carbon monoxide (15) Barnes, A. J.; Lasson, E.; Nielsen, CJJChem. SocFaraday
was predicted to be 2.04 kcal/mol more stable than the oxygen-Trans.1995 9, 3111. o

attached comple¥ The interaction energy calculated for the _ (16) Mielke, Z; Latajka, Z.; Kotodziej, J.; Tokhadze, K. G. Phys.

. . Chem.1996 100, 11610.
OC:---H,S complex is 0.89 kcal/mol lower than that predicted ar GivGan, 2_; Larsen, L. A.: Loewenschuss, A.: Nielsen, Q. Chem.

for the CO--H,S structure’’ Soc, Faraday Trans1998 94, 2277.
(18) Andrews, L.; Arlinghaus, R. T.; Johnson, G. L. Chem. Phys.
Summary 1983 78, 6347.

) ) ) ) (19) Schatte, G.; Willner, H.; Hoge, D.; Kaimger, E.; Schrems, Q.
Complexes between isothiocyanic acid (HNCS, DNCS) and Phys. Chem1989 93, 6025.
carbon monoxide have been studied with the use of matrix- ~ (20) Lundell, J.; Ramen, M.J. Phys. Cheml993 97, 9657.
isolation Fourier Transform infrared technique and ab initio ~ (21) Lundell, J.;Raaen, M. Latajka, ZJ. Phys. Cheml993 97,1152.
. . (22) Lundell, J.; Jolkkonen, S.; Khriachtchev, L.; Pettersson, M.;
calculations at the MP2/6-31H-G(2d,2p) level. Computation-  Rzszen, M.Chem. Eur. J2001, 7, 1670.
ally, two stable structures for the 1:1 complex were found with  (23) Wierzejewska, M.; Mielke, ZChem. Phys. LetR001, 349, 227.
HNCS attached to carbon or oxygen atoms of carbon monoxide. (24) Wierzejewska, M.; Wieczorek, REhem. Phys2003 287, 169.
The lower energy formrthe carbon-attached OGHNCS com- (20) Dung, 9. R Hertz, D. W1, Chem, frv=196% 16, 3065,
plex—was predicted to be 1.51 kcal/mol more stable than the §27g Frlijscohs M j,f&ks és W 'GSch’IegeI' H. B.- Scuseria. G. E.- Robb
oxygen-attached COHNCS complex. Only the OC-HNCS M. A.; Cheesman, J. R.; Zakrzewski, V. G.; Montgomery, J. A., Jr.;
isomer with isothiocyanic acid bonded to the carbon atom of Stratmann, R. E.; Burant, J. C.; Dapprich, S.; Millam, J. M.; Daniels, A.
i ifi ; i ; D.; Kudin, K. N.; Strain, M.; Farkas, O.; Tomasi, J.; Barone, V.; Cossi,
co V.Vas Ide{:tlfledda.ng characterlze(: n bé)th abl’gon an'd' nltrogin M.; Cammi, R.; Mennucci, B.; Pomelli, C.; Adamo, C.; Clifford, S.;
matrixes. The studied system was found to be sensitive t0 the gchierski, J.; Petersson, G. A.; Ayala, P. Y.; Cui, Q.; Morokuma, K.; Malick,
matrix environment. In nitrogen matrixes the complex is trapped D. K.; Rabuck, A. D.; Raghavachari, K.; Foresman, J. B.; Cioslowski, J.;

in several sites which could be reorganized at higher temperatureQtriz, J. V.; Baboul, A. G.; Stefanov, B. B.; Liu, G.; Liashenko, A.; Piskorz,
P.; Komaromi, I.; Gomperts, M.; Martin, R. L.; Fox, D. J.; Keith, T.; Al-

to form energetically more favorable positions. Laham, M. A.; Peng, C. Y.; Nanayakkara, A.; Challacombe, M.; Gill, P.
M. W.; Johnson, B.; Chen, W.; Wong, M. M.; Andres, J. L.; Gonzales, C.;
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