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Laser-ablated yttrium and lanthanum hydrides have been co-depasitédveith carbon monoxide in excess

argon. Products, such as HYCO, (H¥, HLaCO, HLa(CO), and HLaCO, have been formed in the present
experiments and characterized using infrared spectroscopy on the basis of the results of the isotopic shifts,
mixed isotopic splitting patterns, stepwise annealing, the change of reagent concentration and laser energy,
and the comparison with theoretical predictions. Density functional theory calculations have been performed
on these molecules. The agreement between the experimental and calculated vibrational frequencies, relative
absorption intensities, and isotopic shifts supports the identification of these molecules from the matrix infrared
spectra. Plausible reaction mechanisms have been proposed to account for the formation of these molecules.

Introduction for investigating the structure and bonding of novel spetié$?

To understand the formation of carbonylydride species of
yttrium and lanthanum, the reactions of laser-ablated yttrium
and lanthanum hydrides with carbon monoxide in a solid argon
matrix have been performed. IR spectroscopy and theoretical
calculations provide evidence for the formation of products, such
as HYCO, (HY}CO, HLaCO, HLa(CO), and HLaCO. To the
best of our knowledge, this is the first example of the reactions

example, the reactions of laser-ablated yttrium and IanthanumOf Iaser.-ak')lated. mgtal hydrides with small molecules in the field
with carbon monoxide have been extensively studied, and of matrnf isolation infrared spectroscopy. )
products such as MCO (M Y and La) and YCO have been Expenment:_al and Theor_etl_cal l\/_Ieth_ods.The experiment
characterized. for laser ablation and matrix-isolation infrared spectroscopy is
Metal hydrides are important as hydrogen storage materials Similar to those previously reportéaBr?gfly, the Nd:YAG laser
for fuel cellsé2 For instance, the LaNalloy has been found to ~ fundamental (1064 nm, 10-Hz repetition rate with 10-ns pulse
reversibly absorb/desorb hydrog®c The reactions of laser- ~ Width) was focused on the rotating ¥k 99.9%, High Purity
ablated Sc, Y, and La with molecular hydrogen in excess argon Chemicals) and Laii(>99%, High Purity Chemicals) targets.
have been reported, and the products MH, MHVH,, and The laser-ablated species were co-deposited with CO in excess
MH.~ (M = Sc, Y, and La) have been characterized by infrared &rgon onto a Csl window cooled normally 4 K by means of
spectroscopy.On the other hand, a number of important metal- & closed-cycle helium refrigerator (V24SC6LSCP, Daikin
catalyzed reactions using syn-gas, such as methanol synthesidndustries). Typically, a330-mJ/p1uIse Iaserlpower was used.
oxo process, and FischeTropsch synthesis, involve metal : arlbon monoxide (99.95% CGJC°0 (99%,°0 < 1%), and
carbonythydride species as the reaction intermedi&t@here 2C*%0 (99%) were used to prepare the CO/Ar mixtures. In
have been reports of metatarbonyl-hydride complexes such ~ 9eneral, matrix samples were deposited for-80 min with a
as HW(CO),8 H,M(CO): (M = Fe, Ru, Os), and HCo(C@¥f typical rate of 224 mmol per hour. After sample deposition,
Such metatcarbonyl-hydride species may also play an IR spectra were recordeq on a_BIO-R/—\_D I_:TS-_6000e spectrom-
important role in the degradation of anode catalyst of polymer ©ter at 0.5-cmt resolution using a liquid nitrogen cooled
electrolyte fuel cells (PEFCs) using hydrogen-containing CO H9CdTe (MCT) detector for the spectral range of 56@00
impurity produced from steam reforming or the partial oxidation cm*'l. Samples were annealed at different temperatures and
of alcohols or hydrocarborfsAs a rare example, the reactions Subjected to broad-band irradiation{ 250 nm) using a high-
of laser-ablated ruthenium atoms with carbon monoxide and Pressure mercury arc lamp (Ushio, 100 W).
hydrogen in solid argon have been recently investigated, and Quantum chemical calculations were performed to predict

The bonding of carbon monoxide with transition metals and
transition-metal compounds is of great interest because of the
importance of metal carbonyl species in a great many metal-
catalyzed reactions involving CB?2 The long-standing goal
of elucidating mechanisms of the catalytic reactions involving
CO has motivated numerous experimental and theoretical
investigations of the interactions between metals and* €ar.

the products, such as the ruthenium carbonyl dihydrigleu- the structures and vibrational frequencies of the observed
(CO), and the hydrogen complexesAkRuUCO k= 1, 2), have reaction products using the Gaussian 03 progi&iine B3LYP
been observetf. and B3PW91 density functional methods were utilié@The

Recent studies have shown that, with the aid of isotopic 6-311++G(3df, 3pd) basis set was used for H, C, and O atoms,
substitution techniques, matrix isolation infrared spectroscopy and SDD basis set was used for Y and La atémi8.The
combined with quantum chemical calculation is very powerful previous investigations have shown that such computational
methods can provide reliable information for the Y- and La-
*To whom correspondence should be addressed. E-mail: g.xu@aist.go.jp.containing molecules, such as infrared frequencies, relative
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Figure 1. Infrared spectra in the 1930 760- and 14861320-cnT? regions from co-deposition of laser-ablated yttrium hydride with 0.04% CO
in argon: (& 1 h sample deposition at 4 K; (b) after annealing to 25 K; (c) after annealing to 30 K; (d) after 15 min of broad-band irradiation.

0.25 ratios of the reaction products. Calculated vibrational frequencies
and intensities of the potential products are listed in Table 3.
HYCO. Laser ablation of an Yhitarget gives rise to a strong

0-20 HYCO IR absorption at 1470.5 cr due to YH?® For the YH, + CO

— (HY),CO experiments, an intense absorption is observed at 1909:9 cm
MNJ\MWVMAM for YCO* P indicating that Y atoms are also produced during
0.15 4 the laser ablation of YH In addition to the absorptions due to

yttrium carbonyls observed in the experiments of laser ablation
of Y with CO and the yttrium hydrides observed in the
0.10 experiments of laser ablation of Hhew absorptions at 1895.2,
HYCO (HY),CO 1765.4, 1387.5, 1357.2, and 1333.6 ¢nare observed in the
(b) experiments of laser ablation of bkvith CO. The absorptions
0.05 at 1895.2 and 1387.5 crhappear on sample deposition, visibly
increase on sample annealing to 25 K, and further increase on
(@ annealing to 30 K (Table 1 and Figure 1). The 1895.2km
0.00 . . . VO . ; , band shifts to 1852.6 cm with 3C'%0 and to 1852.3 cmt
1950 1920 1890 1860 1830 1800 1770 1740 1710 with 12C180, exhibiting isotopic frequency ratio¥®C%0/A3C1%0,
Wavenumber (cm™) 1.0230;12C16012C180, 1.0232) characteristic of-€0 stretching
Figure 2. Infrared spectra in the 195 700-cnT?* region from co- vibration. As shown n Flg_ure 2, the m|xe'1&16_0 + C0
deposition of laser-ablated yttrium hydride with CO in argon after and*’C'°O + *2C1%0 isotopic spectra only provide the sum of
annealing to 25 K: (a) 0.04%°C'O; (b) 0.02%2C**0 + 0.02% pure isotopic bands, which indicates that only one CO subunit
13C160; (c) 0.04%2C%0; (d) 0.029%6'2C160 + 0.02%1C!80; () 0.04% is involved in this mode. The absorptions at 1895.2 and 1387.5
2cto. cm! can be grouped together to one species, based on the
growth/decay characteristics as a function of changes of
absorption intensities, and isotopic shffts’Geometries were  experimental conditions. The position of the 1387.5-¢tvand
fully optimized, and vibrational frequencies were calculated with indicates a ¥-H stretching vibration. Doping with C¢lhas

Absorbance
=
o)

analytical second derivatives. no effect on these bands, which suggests that the product is
) ) neutral. The 1895.2- and 1387.5-chnbands are therefore
Results and Discussion assigned to the €0 and Y—H stretching vibrations of the

Experiments have been done with CO concentrations rangingneutral HYCO molecule, respectively.
from 0.02 to 0.5% in excess argon. Typical infrared spectra for B3LYP and B3PW9L1 calculations of three different geometric
the reactions of laser-ablated YEnd LaH with CO in excess HYCO isomers with different electronic states, such as end-
argon in the selected regions are illustrated in Figures,’and bonded HYCO, side-bonded HY}{-CO), and isocarbonyl
the absorption bands are listed in Table 1. The stepwise HYOC, have been performed. By use of the B3LYP calculated
annealing and irradiation behavior of these product absorptionsresults as an example, all three of the HYCO isomers are
are also shown in the figures and will be discussed below. predicted to be stable relative to the ground-state Y atom and

Quantum chemical calculations have been carried out for the CO molecule, and all have a triplet ground state. The end-
possible isomers and electronic states of the potential productbonded HYCO is the global minimum, which is 8.2 and 17.7
molecules. Figure 5 shows the optimized structures and kcal/mol lower in energy than the HY#-CO) and HYOC
electronic ground states. Table 2 reports a comparison of theisomers, respectively (Figure 5). Furthermore, the triplet HYCO
observed and calculated IR frequencies and isotopic frequencylies 9.3 kcal/mol lower in energy than the singlet one. As shown
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Figure 3. Infrared spectra in the 2030.925-, 1906-1860-, and 13581275-cnT! regions from co-deposition of laser-ablated lanthanum hydride
with 0.1% CO in argon: (al h sample deposition at 4 K; (b) after annealing to 25 K; (c) after annealing to 30 K; (d) after annealing to 35 K.
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Figure 4. Infrared spectra in the 2020.880- and 19081820-cn1! regions from co-deposition of laser-ablated lanthanum hydride with CO in
argon: (a) 0.1943C0; (b) 0.05%*2C*0 + 0.05%3C%0; (c) 0.1%2C0; (d) 0.06%2C%0 + 0.06%2C80; (e) 0.1%?Ce0.

in Table 2, the calculated-©0 stretching and ¥-H stretching involved in this mode. The 1357.2- and 1333.6-¢rbands track
vibrations for HYCO are 1956.8 and 1454.6 chrespectively, with the 1765.8 cm! bands, suggesting different modes of the

in agreement with the experimental observations (1895.2 andsame molecule. The positions of the 1357.2- and 1333.6-cm
1387.5 cml). In contrast, the calculated <@ stretching bands indicate that they are due te-M stretching vibrations.
vibrations for HY-¢2-CO) and HYOC are 1686.6 and 1588.3 Furthermore, these bands are favored with higher laser energy,
cm~1, respectively, significantly lower than the observed value. indicating that more than one HY unit is involved. Doping with
The calculated!2C160/13C160 and 12C160/12C180 isotopic CCl, has no effect on these bands, suggesting that the product
frequency ratios (1.0228 and 1.0245) for HYCO are also is neutral. These bands are therefore assigned to the neutral
consistent with the experimental values (1.0230 and 1.0232).(HY).CO molecule.

(HY),CO. The absorption at 1765.4 crhappears on sample Our calculations predict that the (HXQO has d@A; ground
deposition, visibly increases on sample annealing to 25 K, state withC,, symmetry (Figure 5). The-€0 and the symmetric
further increases on annealing to 30 K, and decreases on broadand antisymmetric ¥-H stretching vibrational frequencies are
band irradiation (Table 1 and Figure 1). The 1765.4-ttvand calculated at 1805.3, 1422.3, and 1405.3 &rfTables 2 and
shifts to 1724.8 cm® with 13C1%0 and to 1724.7 cmi with 3), which must be scaled down by 0.980, 0.954, and 0.950 to
12C180, exhibiting isotopic frequency ratios2C%0/13C160, fit the experimental observations of 1765.4, 1357.2, and 1333.6
1.0235;12C160/12C180, 1.0236) characteristic of-€0 stretching cm~1, respectively. The calculatédC®0/13C%0 and12C¢0/
vibration. As shown in Figure 2, in the mixé&C60 + 13C160 12C180 isotopic frequency ratios are also consistent with the
and!?C160 + 12C180 experiments, only pure isotopic counter- experimental observations. These agreements between the
parts are observed, which indicates that only one CO subunit isexperimental and calculated vibrational frequencies, relative
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TABLE 1: Infrared Absorptions (cm ~1) from Co-Deposition of Laser-Ablated YH, and LaH, with CO in Excess Argon at 4 K
216 13C16Q 120180 12C160 4 13CL60 12160 + 12C180 R(12/13)  R(16/18) assignmetit
1895.2 1852.6 1852.3 1895.3, 1852.6 1895.3, 1852.3 1.0230 1.0232 HYCO, CO str.
1765.4 1724.8 1724.7 1765.4,1724.8 1765.4,1724.7 1.0235 1.0236 2GBYTO str.
1387.5 1387.4 1387.3 1387.2 1387.3 HYCO, YH str.
1357.2 1357.1 1357.2 1357.3 1357.2 (G, s-YH str.
1333.6 1333.5 1333.6 1333.5 1333.5 (D, as-YH str.
2000.1 1955.7 1953.2 2000.1, 1987.7, 1955.8 2000.2, 1987.5, 1953.3 1.0227 1.0240 HLs{COXktr.
1941.2 1899.3 1894.3 1940.9, 1898.8 1939.3, 1894.3 1.0221 1.0248 ,LaCB, CO str.
1930.5 1888.7 1884.0 1930.7, 1903.5, 1888.7 1930.5, 1905.6, 1884.0 1.0221 1.0247 Hla¢aTn) str.
1886.2 1843.2 1842.1 1886.2, 1843.5 1886.2, 1842.3 1.0233 1.0239 HLaCO site, CO str.
1880.0 1838.1 1836.2 1880.0, 1838.1 1879.8, 1836.2 1.0228 1.0239 HLaCO, CO str.
1876.3 1834.5 1831.0 1876.3, 1834.5 1876.3, 1831.0 1.0228 1.0247 HLaCO site, CO str.
1328.4 1328.3 1328.2 1328.4 1328.4 2LHCO, LaH s-str.
1301.7 1301.5 1301.5 1301.7 1301.6 HLaCO, LaH str.
1287.4 1287.3 1287.2 1286.9 1286.7 HLa(gQpH str.
as = symmetric, as= asymmetric, str= stretching mode.
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Figure 5. Optimized structures (bond length in angstroms, bond angle in degree), electronic ground states, and the relative energies (in kilocalories
per mole) of the possible products and isomers calculated at the B3LYP#6+3&(3df, 3pd)-SDD and B3PW91/6-31HG(3df, 3pd)-SDD (in
parentheses) levels.

absorption intensities, and isotopic shifts confirm the identifica- observed in the experiments of laser ablation of Lakih CO.

tion of the (HY)CO molecule from the matrix IR spectra.

HLaCO. Intense IR absorptions due to LaH (1345.2¢jm
LaH, (1282.9 and 1221.1 cn), and Lak (1263.9 cm?) are
observed in the experiment of laser ablation of a J.é&kiget,

The absorption at 1880.0 crhwith two trapping sites at 1886.2
and 1876.3 cm! aappears during sample deposition, markedly
increases on annealing to 25 K, and visibly increases on further
annealing to 30 K (Table 1 and Figure 3). The 1880.0km

for which the IR absorptions are in agreement with the previous band shifts to 1838.1 cm with 13C1%0 and to 1836.2 crmi

reported value8.For the LaK + CO experiments, an intense
absorption is observed at 1773.3 thfor LaCO>¢ indicating

with 12C180, exhibiting isotopic frequency ratio¥C60/13C1e0,
1.0228;12C160/1°C180, 1.0239) characteristic of-€0 stretching

that La atoms are also produced during the laser ablation of vibration. The mixed?C1®0 + 13C160 and!2C160O + 12C180
LaH.. In addition to the absorptions due to lanthanum carbonyls isotopic spectra only provide the sum of pure isotopic bands
observed in the experiments of laser ablation of La with CO (Figure 4), which indicates that only one CO subunit is involved
and the lanthanum hydrides observed in the experiments of lasein this mode. The absorption at 1301.7 ¢nexhibits the same
ablation of LaH, new absorptions at 2000.1, 1941.2, 1930.5, annealing behavior with the 1880.0-chband, suggesting that

1886.2, 1880.0, 1876.3, 1328.4, 1301.7, and 1287 4*are

the two absorptions are due to the different modes of the same
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TABLE 2: Comparison of Observed and Calculated IR Frequencies (cm') and Isotopic Frequency Ratios of the Reaction
Product

experimental calculated
species mode freq (cnm?) R(12/ 13) R(16/18) method freq (cr) R(12/ 13) R(16/18)
HYCO CO str. 1895.2 1.0230 1.0232 B3LYP 1956.8 1.0228 1.0245
B3PW91 1961.9 1.0228 1.0247
YH str. 1387.5 B3LYP 1454.6
B3PW91 1455.5
(HY).CO CO str. 1765.4 1.0235 1.0236 B3LYP 1805.3 1.0225 1.0256
B3PW91 1814.9 1.0225 1.0251
s-YH str. 1357.2 B3LYP 1422.3
B3PW91 1426.5
as-YH str. 1333.6 B3LYP 1405.3
B3PW91 1409.7
HLaCO CO str. 1880.0 1.0228 1.0239 B3LYP 1868.5 1.0221 1.0255
B3PW91 1863.1 1.0224 1.0252
LaH str. 1301.7 B3LYP 1340.3
B3PW91 1339.5
HLa(CO) s-CO str. 2000.1 1.0227 1.0240 B3LYP 2010.3 1.0230 1.0244
B3PW91 2021.6 1.0230 1.0242
as-CO str. 1930.5 1.0221 1.0247 B3LYP 1926.5 1.0225 1.0251
B3PW91 1934.9 1.0225 1.0250
LaH str. 1287.4 B3LYP 1338.5
B3PW91 1320.9
H,LaCO CO str. 1941.2 1.0221 1.0248 B3LYP 19725 1.0229 1.0244
B3PW91 1986.0 1.0299 1.0314
s-LaH str. 1328.4 B3LYP 1360.7
B3PW91 1357.9

as = symmetric, as= asymmetric, str= stretching mode.

TABLE 3: Ground Electronic States, Point Groups, Vibrational Frequencies (cnt?), and Intensities (km/mol) of the Reaction
Products Calculated at the B3LYP/6-313#+G(3df, 3pd)-SDD Level (Only the Frequencies above 400 crh Are Listed)

species electronic state point group frequency (intensity, mode)
CO =+ Ceov 2216.1 (80%H)
YH = Ceov 1534.8 (264%7)
LaH =t Cov 1406.0 (464%")
LaH, 2Aq Cov 1321.4 (524, A), 1274.1 (879, B, 419.1 (179, A)
HYCO SA" Cs 1956.7 (1330, A, 1454.5 (493, A
(HY).CO A, Cov 1805.3 (756, A), 1422.3 (577, A), 1405.3 (283, B
HLaCO SA" Cs 1868.5 (2988, A, 1340.3 (703, A, 408.3 (104, A
HLa(CO) .y Cs 2010.3 (946, A), 1926.5 (1519, A), 1338.5 (806, A, 445.9 (4.8, A
H,LaCO A Cs 1972.5 (999, A), 1360.7 (678, A, 1310.9 (1147, A), 553.6 (192, A

molecule. The position of the 1301.7-ctband indicates a K (Table 1 and Figure 3). The two bands respectively shift to
La—H stretching vibration. Doping with C€has no effect on 1955.7 and 1888.7 cm with 13C1%0 and to 1953.2 and 1884.0
these bands, which suggests that the product is neutral. Thecm~! with 12C180, exhibiting isotopic frequency ratio¥C¢0/
1880.0- and 1301.7-cm bands are therefore assigned to the 13C'%0, 1.0227 and 1.02212C60/*2C180, 1.0240 and 1.0247)
C—0 and La-H stretching vibrations of the neutral HLaCO characteristic of €O stretching vibration. The mixed isotopic

molecule, respectively. spectra give two sets of triplet bands with approximate 1:2:1
The present calculations lend support for the assignment of relative intensities (Table 1, Figure 4), which indicates that two
HLaCO. The HLaCO molecule is predicted to haveAd’ equivalent CO subunits are involved. The absorption at 1287.4

electronic ground state witBs symmetry (Figure 5) and is the  cm~! exhibits the same annealing behavior with the 2000.1 and

most stable structural isomer of HLaCO. At the B3LYP level 1930.5 cnt! bands, suggesting that these absorptions are due

of theory, the triplet HLaCO lies 12.0 and 63.5 kcal/mol lower to the different modes of the same molecule. The position of

in energy than the singlet and quintet ones, respectively. Thethe 1287.4-cm! band indicates a LaH stretching vibration.

HLa-(7%-CO) and HLaOC isomers are, respectively, 9.3 and Doping with CCl has no effect on these bands, suggesting that

21.4 kcal/mol higher in energy than the end-bonded one (Figurethe product is neutral. Accordingly, these bands are assigned

5). The C-O and La-H stretching vibrations for HLaCO are  to the symmetric, antisymmetric-€O and La-H stretching

calculated at 1868.5 and 1340.3 ¢m(Tables 2 and 3), modes of the HLa(CQ)molecule.

respectively, which supports the above assignment. In contrast, HLa(CO) is predicted to have A’ ground state withCg

the calculated €0 stretching vibrations for HLa#é-CO) and symmetry, which lies 7.0 kcal/mol lower in energy than the

HLaOC are 1684.3 and 1656.2 chrespectively, significantly C,, one at the B3LYP level of theory (Figure 5). The symmetric

lower than the observed value. Furthermore, as shown in Tableand antisymmetric €0 stretching and LaH stretching

2, the calculated isotopic frequency ratios for HLaCO are also vibrational frequencies of HLa(C@pre calculated at 2010.3,

consistent with the experimental values. 1926.5, and 1338.5 cm (Tables 2 and 3), which are in accord
HLa(CO),. The absorptions at 2000.1 and 1930.5ém  with our observed values, 2000.1, 1930.5, and 1287.4'cm

appear during sample deposition, visibly increase on annealingAs listed in Table 2, for the 2000.1-crhband, the calculated

to 25 K, and then slightly increase on further annealing to 30 2C'60/13C180 and 2C'%0/*2C'80 isotopic frequency ratios
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(1.0230 and 1.0244) are consistent with the experimental can also react with carbon monoxide molecules to form the H
observations (1.0227 and 1.0240). For the 1930.5dpand, LaCO complex spontaneously according to reaction 5, which
the calculated2C160/13C1%0 and 12C160/*2C180 isotopic fre- is predicted to be exothermic by 21.5 kcal/mol.

quency ratios (1.0225 and 1.0251) are also consistent with the

experimental observations (1.0221 and 1.0247). The assignmentaH (*=") + CO (=) — HLaCO ¢A")

of the HLa(CO) molecule is supported by these agreements AE = —24.1 kcal/mol (3)
between the experimental and calculated vibrational frequencies,
relative absorption intensities, and isotopic shifts. LaH (*=") + 2CO (=) — HLa(CO), (*A,)

H,LaCO. The absorption at 1941.2 crhappears during AE = —44.0 kcal/mol (4)

sample deposition, markedly increases on annealing to 25 K,

and visibly increases on further annealing to 30 K (Table 1 and 2 Aty '

Figure 3). This band shifts to 1899.3 chwith 13C'0 and to LaH, (A) + CO (=) — H,LaCO (AY)

1894.3 cn! with 12C180. The isotopic frequency ratio¥®Ce0/ AE = —21.5 keal/mol (5)
13C160 = 1.0221,12C1%0/12C180 = 1.0248) indicate that the
band is due to a €0 stretching vibration. Only the pure
isotopic counterparts were observed in the miteetéo + Reactions of laser-ablated yttrium and lanthanum hydrides
13C160 and12C10 + 12C180 experiments, which indicates that with carbon monoxide in excess argon have been studied using
only one CO subunit is involved in this mode. An absorption Matrix-isolation infrared spectroscopy. On the basis of the
at 1328.4 cm’ exhibits the same annealing behavior with the isotopic shifts and splitting patterns, the HYCO, (HEP,
1941.2-cn! band, suggesting that the two absorptions are due HLaCO, HLa(CO), and HLaCO molecules have been char-
to the different modes of the same molecule. The position of acterized. Density functional theory calculations have been
the 1328.4-cm! band suggests that this band is due to aHa  Performed, which lend strong support to the experimental
stretching vibration. Doping with C&has no effect on these assignments of the infrared spectra. In addition, the plausible
bands, suggesting that the product is neutral. Accordingly, the reaction mechanism for the formation of the products has been
1941.2- and 1328.4-ctd bands are assigned to thelldCO proposed.

molecule.
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frequency ratios agree with the experimental ratios. The
symmetric and antisymmetric kdHd stretching vibrational
frequencies are calculated at 1360.7 and 1310.9'¢ffable (1) Cotton, F. A.; Wilkinson, G.; Murillo, C. A.; Bochmann, M.

- i i i Advanced Inorganic Chemistn6th ed.; Wiley: New York, 1999.
3). The observed 1328.4-cthband is assigned to the symmetric (2) Muetterties, E. L. Stein, Chem. Re, 1979 79, 479,
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