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Abstract: Laser-ablated Ni atoms and electrons react with CO in excess argon during condensation to form
the Ni(CO)-4 complexes and Ni(CQ)3~ anions. Matrix infrared spectra of the neutral complexes with
12C16Q, 13C160, and!2C180 substitution are in agreement with earlier reports with thermal Ni atoms. In addition,
new absorptions at 1847.0, 1801.7, and 1858.8'ammhibit isotopic spectra in excellent agreement with DFT
calculations for the Ni(CQ)-3~ anions. An experiment doped with the GE&lectron-trapping molecule gave

the same Ni(CQ)-4 spectrum without the corresponding anions, which strongly supports this identification of

the molecular anions.

Introduction
Unsaturated transition metal carbonyls are important in

in the laser-ablation process and anions can also be formed via electron
capture by neutral molecules during condensatfol. Density
functional calculations are done for band identification, using the

processes such as organometallic synthesis and homogeneousyssian 94 prograii BP86 functional 6-311:+G* basis sets for C

catalysis and photodecomposition of organometallicén

and O atomsd? and the all-electron set of Wachters and Hay as modified

particular, the metal monocarbonyls are often considered asby Gaussian 94 for nické.

models for CO binding to the metal surfateAlthough the
neutral nickel carbonyls have been well studied both by
experiment and theory, there is relatively little work on the
anions. The Ni(CQYy (x = 1—3) anions have been observed
in the negative ion mass spectrum of Ni(G@nd examined

by photodetachment and collision-induced dissociation meth-
0ds>~7 Only Ni(CO)~ has been characterized by photodisso-
ciation in ion cyclotron resonantand by vibrational spectros-
copy in a matrix isolation study. Here we report the infrared
spectra and density functional calculations of Ni(COMx =
1-3), which are prepared by reactions of laser-ablated nickel
atoms and electrons with CO in excess argon.

Experimental and Computational Methods

Pulsed-laser ablation of nickel is used for the present matrix isolation
study®? In contrast to a thermal atom sourtelectrons are produced
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Results and Discussion

The product absorptions for laser-ablated nickel atom reac-
tions with CO in Ar are shown in Figures 1 and 2 and listed in
Table 1. Also given are frequencies for tR€0O and CG80
isotopic modifications and mixtures with normal CO. The
NiCO absorption was observed at 1994.4 émfter deposition,
and Ni(CO} 3 4bands were produced on annealing, in agreement
with earlier works?

NiCO. The 1994.4 cm! observation for NiCO is in excellent
agreement with the 2006.2 cthDFT/BP86 prediction for the
ground!A; state NiCO complex. Note that the 12/13 ratio,
1.02466, exceeds the ratio for CO itself, 1.02248, and the 16/
18 ratio, 1.02099, is less than the CO ratio, 1.02444. This means
that on binding to Ni, the form of the normal mode for the G
vibration changes to involve more C and less O motion as
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Table 1. Infrared Absorptions (cmt) from Co-deposition of Laser Ablated Nickel Atoms with Carbon Monoxide in Excess Argon at 10 K

12C10  18C160  12C180 12C160 + 13C160 12C160 + 12C180 R(12/13) R(16/18) assignment
2138.1 2091.1 2087.1 1.02248 1.02444 CO
20715 2022.4 2027.4 2071.5,2051.9,2022.4 2071.5, 2053.8, 2027.4 1.02428 1.02175 ,Ni(CO)
2051.2 2004.9 2004.3 2051.3,2032.6,2021.3, 2012.6,2004.9 2051.2,2033.1, 2021.5, 2012.5,2004.3  1.02309 1.02340 Ni(CO)
2032.3 1986.4 1985.9 1.02311 1.02336 (HNi(CO)s
2031.7 1985.7 1985.2 1.02317 1.02342 site
2017.2 19719 1970.7 2017.2,1996.0,1982.7,1971.8 2017.2,1996.3, 1982.2, 1970.6 1.02297 1.0236G Ni(CO)
1994.4 1946.4 1953.4 1994.3,1946.3 1994.3, 1953.3 1.02466 1.02099 NiCO
1991.6 1943.5 1950.5 1991.4,1943.5 1991.4, 1950.5 1.02475 1.02107 NiCO site
1965.5 1921.2 1920.6 1965.5,1938.3,1921.2 1965.5, 1938.6, 1920.5 1.02306 1.02338 ,Ni(CO)
1863.6 1823.3 1863.4,1823.3 1.02210 HCO
1858.8 1815.1 1819.0 1858.7,1839.2, 1825.9, 1815.2 1858.8, 1841.7, 1829.3, 1818.9 1.02408 1.0218% Ni(CO)
1853.8 1810.2 1814.3 1853.8,1834.5,1821.2, 1810.2 1853.8, 1836.9, 1824.7, 1814.3 1.02409 1.02177% 9ii€CO)
1850.1 1805.1 1813.2 1850.1, 1805.1 1850.1, 1813.2 1.02497 1.02033 ~NieO
1847.0 1802.0 1810.2 1847.0,1802.0 1847.0, 1810.2 1.02497 1.02033 ~NiCO
1801.7 1759.8 1762.4 1801.7,1775.6,1760.0 1801.6, 1778.3, 1762.6 1.02381 1.02230 ,Ni(CO)
1515.5 1482.2 1479.5 1515.5,1497.4,1482.2 1515.5, 1497.4, 1479.5 1.02247 1.02433 (CO)
5155 510.6 505.3 515.4,513.4,510.5 515.4,511.6, 505.2 1.00960 1.098NigCO),
514.4 509.7 504.1 1.00922 1.02043 site
512.0 507.1 501.7 1.00966 1.02053 5Ni(CO),
510.8 505.8 1.00989 site
464.6 448.6 457.3 1.03567 1.01596 Ni(CQ)
458.4 451.3 451.6 458.3,456.5, 455.0(b), 452.3, 451.4 458.4,457.9, 456.2, 454.7, 453.1, 451.6  1.01573 RIED);
455.3 4484 4484 1.01539 1.01539 5Ni(CO)s
434.6 428.8 428.3 434.5,433.2,431.4,430.1,428.8 1.01353 1.01¥NWi(CO),
433.3 427.6 426.8 1.01333 1.01523 site
4315 425.7 4251 1.01362 1.01506 5°Ni(CO),
430.1 4245 4236 1.01319 1.01534 site
H i 0.080
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Figure 1. Infrared spectra in the 216950 cnt? region for laser- Figure 2. Infrared spectra in the 1871795 cn1? region for laser-
ablated Ni atoms co-deposited with 0.4% CO in argon at-10 K: ablated Ni atoms co-deposited with 0.4% CO in argon att10 K:

(a) sample co-deposited for 1.5 h, (b) after 20 K annealing, (c) after (a) sample co-deposited for 1.5 h, (b) after 20 K annealing, (c) after
25 K annealing, (d) after 8561000 nm photolysis, (e) after 630 25 K annealing, (d) after 8501000 nm photolysis, (e) after 630
1000 nm photolysis, (f) after 4701000 nm photolysis, and (g) after 1000 nm photolysis, (f) after 47201000 nm photolysis, and (g) after
30 K annealing. The weak®CO and CG®0 bands are in natural 30 K annealing.
abundance.
is 4.4 cnm! due to interaction between these two modes for the

carbon vibrates “antisymmetrically” between Ni and C atoms. mixed isotopic molecule. The matching isotopic band asym-
Joly and Manceron have most recently observed NiCO at 1994.5metries verify assignment of the weaker symmetric mode to
cm~1from thermal Ni atom reactions, and noted the substantial the same molecule as the stronger antisymmetric mode.
vibrational coupling between the NC and C-O bond stretch- DFT calculations predict a bent complex with a 171
ing coordinates¢ C—Ni—C bond angle and carbonyl stretching modes at 1987.6

Ni(CO),. The Ni(CO) molecule is bent instead of the linear and 2066.5 cm!. Not only is the linear structure 2.7 kcal/mol
structure suggesté from observation of only the strong higher in energy, it has one imaginary bending frequency, and
antisymmetric G-O vibration at 1965.5 cmt since the sym- is therefore not a stable structure. This suggests that the bent
metric stretching mode is observed here as a weak 20715 cm equilibrium structure is not due to the matrix. The calculated
band. Note the matching asymmetries in the mixed isotopic frequencies are 22.1 cthhigher and 5.0 cmt lower than the
intermediate band positions (Table 1): the symmetric mode for observed values, which is very good agreement. Of more
Ni(*2CO)(*3CO) is 5.0 cmi! abave the pure isotopic mean and  importance notice the excellent agreement between the observed
the antisymmetric mode is 5.0 cthbelowthe pure isotopic and calculated isotopic frequency ratios for the antisymmetric
mean while this asymmetry for both modes of Ni¢Q)(C'80) and symmetric €O stretching modes, which are slightly
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Table 2. Geometries, Frequencies (cHy Intensities (km/mol), and Isotopic Frequency Ratios Calculated (BP86/6-@1)lfor NiCO,
NiCO~ and NiCO

molecule geometry 12C10 13Ct60 2Cct0 R(12/13) R(16/18)
NiCO? Ni—C: 1.675A 348.1(10) 337.6(9) 344.1(10) 1.0311 1.0116
(=) Cc-0: 1.167 A 602.9(1) 597.3(1) 586.9(1) 1.0094 1.0273
ONICO: 18C 2006.2(554) 1956.6(525) 1965.3(534) 1.0254 1.0208
NiCO Ni—C: 1.859 A 245.7(28) 241.3(27) 239.5(26) 1.0182 1.0259
GA) C-0: 1.162 A 453.6(10) 442.9(8) 447.8(10) 1.0242 1.0130
ONiCO: 145.9 1946.3(922) 1902.3(878) 1900.3(884) 1.0231 1.0242
NiCO- Ni—C: 1.691 A 200.6(77) 194.6(73) 198.2(75) 1.0308 1.0121
() C-0: 1.188 A 575.7(5) 570.4(4) 560.2(5) 1.0093 1.0277
ONICO: 18C 1870.2(792) 1823.6(761) 1832.6(748) 1.0256 1.0205
NicO* Ni—C: 1.818 A 305.5(0.2) 296.5(0.3) 301.6(0.2) 1.0304 1.0129
=) C-0: 1.135 A 441.3(4) 436.5(4) 430.7(3) 1.0110 1.0246
ONiCO: 180 2173.7(188) 2123.4(176) 2124.0(185) 1.0237 1.0234

aThe X state is 35.3 kcal/mol lower in energy than fi#¢ state.

Table 3. Geometries, Frequencies (cHy and Intensities (km/mol) Calculated (BP86/6-313*) for the Ni(CO) Molecule and Ni(COy
Anion

molecule rel energy geometry (D, deg) frequency (intensity)
Ni(CO), 0 Ni—C: 1.767 A, G-O: 1.158 A a: 60.8(2), a: 296.2(0), b: 302.7(1),
A OCNiC: 142.2, ONiCO: 171.F bi: 379.3(4), & 453.7(3), & 479.7(1),
by 527.3(82), b: 1987.6(1674), 2 2066.5(94)
Ni(CO), +2.7 Ni—C: 1.784 A, C-0: 1.154 A 7y —99.5(7),7m4: 299.6(0),7: 305.8(13),
I3, OCNiC: 180, ONiCO: 18C S 438.2(0),%: 506.9(462)%,: 1994.0(2101),
Sy 2093.2(0)
Ni(CO),~ —-19.9 Ni-C: 1.756 A, G-O: 1.188 A a: 57.7(2), b: 274.1(484), & 313.4(0),
27, OCNiC: 152.4, ONiCO: 177.F by 355.8(5), & 401.1(40), & 472.7(0),
by 519.1(1), b: 1813.9(2148), 2 1866.1(489)
Ni(CO), —-19.3 Ni-C: 1.763 A, C-0O: 1.189 A —63.4(1),—49.0(4), 302.8(14), 310.0(0),
(doublet) OCNiC: 180, ONiCO: 180 368.1(0), 368.8(23),453.9(0), 490.5(1),

1803.3(2462), 1874.2(0)

Table 4. Comparison of Observed and Calculated Isotopic Frequency Ratios—f@r Stretching Fundamentals of the Ni(GOJolecule and
Ni(CO),~ Anion

molecule vibrational mode R(12/13 obsd) R(12/13 calcd) R(16/18 obsd) R(16/18 calcd)
Ni(CO), antisym 1.02306 1.02364 1.02338 1.02332
sym 1.02428 1.02469 1.02175 1.02181
Ni(CO),~ antisym 1.02381 1.02451 1.02230 1.02209
sym not obsd 1.02544 not obsd 1.02084

Table 5. Calculated (BP86/6-311G*) Geometry, C-O Stretching Vibrational Frequencies (ch Intensities (km/mol), and Isotopic
Frequency Ratios for the Doublet Ni(C9O)Anion?

mode 120160 13C160 12c150 R(12/13) R(16/18)
antisym 1848.5(1785) 1804.1(1705) 1808.7(1704) 1.02461 1.02200
sym 1920.4(0) 1873.9(0) 1879.7(0) 1.02481 1.02165

aStructure: Ni-C, 1.777 A; G-0, 1.181 A;OCNiC, 120; ONiCO, 18C; Ds, symmetry.

different (Table 4). The symmetric mode has more carbonand NiCO~. Compared with thermal nickel atom reactions,
less oxygen motion as compared to the antisymmetric mode, several new absorptions are observed with laser ablation. Figure
but both of these modes are slightly different from the@ 2 shows spectra in the 1870795 cnt! region of particular
mode in NiCO, based on the isotopic frequency ratios. interest here. Sharp bands at 1850.1 and 1847:0¢ and weak
Ni(CO)z and Ni(CO)s. The Ni(CO) and Ni(CO) absorp- bands at 1801.7 and 1863.6 chidue to HCO}® were observed
tions at 2017.2 and 2051.2 cincrease markedly on annealing ~ after deposition. New 1810.2, 1858.8, and 1853.8 thands
in agreement with previous wofk.Note that the 12/13 and ~ appear on annealing to 20 and 25 K. The multiplet structure
16/18 isotopic frequency ratios for these bands (Table 1) arein the C°O + C'*0 mixed isotopic spectra are illustrated in
comparable to those for the antisymmetrie @ mode for Ni- Figure 3.
(CO)%. The mixed isotopic spectra are quartets with 2:1:1:2  The new 1850.1, 1847.0 cth matrix site bands shifted to
relative intensities for Ni(CQ)and are quintets with 8:2:3:2:8  1805.1, 1802.0 cmt with 13C160 to 1813.2, 1810.2 cm with
relative intensities for Ni(CQ) These band profiles are 12C!'%0. These two bands, like those for the NiCO molecule,
characteristic of doubly degenerate vibrations for trigonal and exhibit larger carbon isotopic and smaller oxygen isotopic ratios
triply degenerate vibrations for tetrahedral molecules, respec-than CO, which indicates more carbon participation in this
tively.1” The weaker 2032.3 cm band that also grows in on  vibrational motion between oxygen and another mass. The

annealing has been attributed to they))(M(CO); complex3b isotopic doublet structure observed in both mix&@O + 13CO
(17) Darling, J. H.; Ogden, J. §. Chem. Soc., Dalton Tran4972 (18) Milligan, D. E.; Jacox, M. EJ. Chem. Phys1969 51, 277.
2496. Hydrogen atoms, from dissociation of trace water impurity, react with CO.
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Figure 3. Infrared spectra in the 187755 cn1? region for laser-
ablated Ni atoms co-deposited with 0.696%0 + 12C80 mixture in
argon at 10+ 1 K: (a) sample co-deposited for 1.5 h, (b) after 20 K
annealing, (c) after 25 K annealing, (d) after 8800 nm photolysis,
(e) after 636-1000 nm photolysis, and (f) after 472000 nm
photolysis.

and G®0 + C!O experiments comfirms that only one CO
subunit is involved. The 1850.1, 1847.0 chbands are
assigned to the €0 stretching vibration of the NiCOanion
in different matrix sites. The DFT calculation predicts that
NiCO~ has &% ground state, with a €O stretching vibration
at 1870.2 cm?, and isotopic frequency ratios in very good

Zhou and Andrews
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Figure 4. Infrared spectra in the 15281475 cnt? region for laser
ablated nickel co-deposited with 0.4% CO in argon attlQ K: (a)

sample co-deposited for 1.5 h, (b) after 8300 nm photolysis, (c)
after 636-1000 nm photolysis, and (d) after 47Q000 nm photolysis.

No evidence was found here for NiCOwhich is calculated
to absorb at 2173.7 cmh, which is above CO. Unfortunately,
Ni13CO" is probably masked by?CO in the sample, and we
cannot provide convincing evidence for Ni€OThe counterion
for the anions in these experiments is likely the" dationi%2
but NiCO" is probably present as well.

The Ni(CO)~, x = 1-3, vibrational frequencies were red
shifted 147.4, 163.8, and 158.4 chrespectively, compared

agreement with experiment, as shown in Table 2. Note that with the corresponding neutral Ni(COinolecules, and they
both calculations and experiment show slightly higher 12/13 appeared just above the region expected for vibrations of bridged

and lower 16/18 ratios for NiCOthan for NiCO. Clearly the

carbonyls. However, bridged metal cluster carbonyl species can

DFT/BP86 calculations correctly model this subtle difference be ruled out due to the relatively low laser power used here.

in the potential surfaces between NiCO and NiCCrinally,
this calculation predicted the-€0 fundamental for NiCO to
be 11.8 cm! too high and for the NiCO anion 23.2 cm?! too

Although the DFT calculated frequencies for bridgedQ@®
and Np(CO), species lie in this region, the isotopic frequency
ratios are quite different from the Ni(CQ) anion ratios

high, which provides a calibration for the frequency calculations. calculated and observed here.

Ni(CO),~. The 1801.7 cm! band increases on early
annealing at the expense of NiCQand is assigned to the
antisymmetric vibration of the Ni(C@) anion, based on the

In addition, very weak bands appear on annealing at 1818.0,
1829.0, and 1869.4 cmh. These bands correspond to stronger
bands observed in thermal experiments for highe(Q@D),

1/2/1 triplet isotopic structure observed in mixed isotopic SPecies, which increase with increasing Ni atom concentraitfons.
experiments (Figure 3), which denotes two equivalent CO This observation confirms that Ni atoms dominate the present
subgroups, as well as the results of DFT calculations. Like the réaction system.

neutral dicarbonyl, the linear dicarbonyl anion is higher in
energy and has imaginary bending frequencies. The NKCO)

(CO),~. A sharp, weak new metal-independent band was
observed at 1515.5 crh, and Figure 4 show¥CO + 13CO

anion also has a slightly bent ground state. The calculated mixed isotopic spectra for this absorption. The weak 1515.5

antisymmetric stretching vibration at 1813.9 ©¢mand the

cm ! band decreases on annealing and on photolysis, and shows

isotopic frequency ratios are in excellent agreement with the €Ssentially diatomic CO isotopic ratios. The 1/2/1 triplet
observed values. Again, there is slightly more carbon participa- absorptions in mixed isotopic experiments verify the participa-

tion for the anion than the neutral dicarbonyl complex. The

symmetric vibration calculated at 1866.1 chis not observed
here due to lower intensity.

Ni(CO)3;~. The 1858.8, 1853.8 cm bands were only

observed after annealing. In the mixed isotopic sample, quartets
with two weaker intermediate components were observed for
both bands (Figure 3), so three equivalent CO submolecules

are involved in this doubly degenerate vibratfori. These two
bands are due to the Ni(C&)molecular anion. The 1858.8
cm! band has been assigned to Ni(GO)from matrix
vacuum-UV photolysis of Ni(CO).° The DFT calculation also
supports this assignment: Ni(C9)has A, doublet ground
state with Dz, symmetry and a calculated antisymmetric
vibration of 1848.5 cm?, which is in excellent agreement with
the experimental observations.

tion of two equivalent CO subunits in this normal mode. In
addition the 1515.5 cni band is observed in laser ablation
experiments with CO and other met&lsThe argon matrix band
is just below the 1517.7 cm neon matrix band assigned to
(CO)%~.20 Furthermore, extensive theoretical calculations have
confirmed this matrix infrared identification of (C@)2* The
observation of (CQ) in these experiments further demonstrates
the presence of electrons in laser-ablation experiments.

CCl,4 Doping. A series of experiments was done with
different laser powers and different concentrations of,@@tled
to serve as an electron trap. Comparison is made to an

(19) Zhou, M. F.; Chertihin, G. V.; Andrews, L. Chem. Phydn press
(Fe+ CO).

(20) Thompson, W. E.; Jacox, M. H. Chem. Phys1991 95, 735.

(21) Thomas, J. R.; DeLeeuw, B. J.; O’Leary, P.; Schaefer, H. F., llI;
Duke, B. J.; O'Leary, BJ. Chem. Phys1995 102, 6525.
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experiment with 0.4% CO and the same low laser power as the 1853.8 cn1! site band of Ni(COy~ was not observed in the
experiment used for Figures 1 and 2, and 0.1%G@ded to previous matrix experimenfghis band increases on 632000
the argon matrix gas. The initial spectrum of the deposited nm photolysis when NIiCO and Ni(CO)~ are bleached,
sample was much the same as illustrated in Figure 1 showingsuggesting that Ni(CQ@) can also be formed by exothermic

NiCO, and annealing produced the Ni(GQ)absorptions, as
before. However, the Figure 2 region contained only a weak
CICO band at 1877.0 cmd,22 and annealing failed to produce
other absorptions in this region. Also, the 1515.5¢4CO),~
band was absent from the spectrum.
region contained new bands at 1036.4 ¢ifior CCl;*, at 1019.3,
928.3, and 501.4 cm for CI,CCI—CI, and at 898.0 cmt for
the CCh radical?3-26 Full arc photolysis had no effect on the
Ni(CO);—4 absorptions, as found for other samples without4{-Cl
but the CC§* and CLCCI—CI bands were almost destroyed,
while the CC} absorption increased, in agreement with previous
observationg>2% The removal of infrared absorptions from
identical experiments upon doping with an electron trapping
molecule adds further support to their identification as molecular
anions.

Photochemistry. The absorptions assigned to Ni(GO)

In addition, the lower

(1.08+ 0.01 eV¥ reaction 4.

Ni(CO); + e — Ni(CO); (4)

The (CO)~ anion absorbing here at 1515.5 this probably
formed through electron capture by a van der Waals CO dimer
trapped in the matrix, reaction 5, since there is no evidence for
a stable isolated COanion. This reaction must also be an
exothermic process based on the comparable matrix photo-
chemistry of (CO)~ and Ni(CO)~ species.

CO-:CO+e —(CO), (5)

The CCl molecule is well-know# for its high electron
capture cross-section and the resulting dissociative capture
process giving CGland CI~. Hence, during sample condensa-

anions exhibit selective photolysis behavior as shown in Figure tion in excess argon, C&lwill dominate electron capture

2. Filtered (glass and water) infrared photolysis (83000
nm) with a 500 W tungsten lamp reduced the NiC&bsorption
about 40% with no effect on the Ni(C&)and Ni(CO}~ bands,
but this radiation in the 6361000 nm region totally destroyed
the NiCO™ and Ni(CO}~ absorptions, while the 1853.8 cth
site band of Ni(COy~ increased about 20% with no change for
the 1858.8 cm! site band. Continued photolysis in the 470
1000 nm region destroyed the Ni(CO)absorptions, which is
in agreement with the photodisappearance of NiCQyhen
irradiated at 2.6-2.5 eV using the techniques of ion cyclotron
resonancé. The matrix photolysis behavior is in accord with
the low electron affinities for the neutral species derived from
photoelectron spectra in the gas phasad provides further
evidence to support the matrix identification of the Ni(GO)
anions.

The 1515.5 cm! (CO),~ band is reduced 10% by 850000
nm radiation, reduced 50% at 630000 nm, and almost
destroyed by 4761000 nm photolysis. Comparison with the
present matrix photolysis of Ni(CQ) species suggests a
comparable electron photodetachment energy for §CO)
certainly more than (CO) which has not been characterized.

Reaction Mechanisms. The NiCO™ anions are formed by
exothermic (0.804+ 0.01 eV¥ electron capture by NiCO
molecules during co-deposition, reactions 1, with Ni atoms and

Ni + CO— NiCO
NiCO+e — NIiCO

(1a)
(1b)

electrons from the laser ablation process. Sinceiblionly a
minor fragment in the negative ion mass specfrofNi(CO),,
and &d° ground-state Ni is not expected to bind C&’ the
Ni~ reaction with CO probably does not contribute to the NTCO
observed here.

The Ni(CO)~ and Ni(CO}™ anions increased on annealing,
like their neutral counterparts, and they are produced from
reactions 2 and 3, which are also exothermic processEse

NiCO™ + CO— Ni(CO),” )

Ni(CO),” + CO— Ni(CO),~ ©)

reactions and minimize the formation of other anions through
reaction 6. The absence of anion absorptions in the-@ajed
experiment is explained accordingly. The same effect has been
found in other laser-ablation experiments with Fe and carbon
monoxide!® As observed earlief full arc photolysis photo-
detaches Ci and provides electrons for the neutralization of
CClz™ and growth of CG on photolysis, also observed here.

CCl,+ e — CCl,+ CI” (6)

Conclusions

Laser-ablation of Ni metal coupled with matrix isolation
produces and traps the neutral Ni(GQ)molecules and the
stable Ni(COj-3~ molecular anions that are identified from
isotopic substitution, photolysis behavior, and DFT frequency
calculations. Six of these €0 stretching fundamentals are
predicted within an average of 14 ciby DFT/BP86 frequency
calculations, the anions just as accurately as the neutral
complexes. In particular, the intricacies of carbon 12/13 and
oxygen 16/18 isotopic ratios for the NiCO and NiC@ono-
carbonyls and both symmetric and antisymmetrie@stretch-
ing modes of Ni(CO) and the antisymmetric vibrations of
Ni(CO), 3~ provide a description of the normal modes, which
are accurately matched by the DFT frequency calculations.
Finally, it appears that C¢ldoping provides a diagnostic for
molecular anions by eliminating them from the product spectrum
owing to preferential electron capture by GCI
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