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Abstract

The photodesorption of CO from #€0O), (n = 1-6) hasheen studied in laser excitation experiments. Loss of CO is the
major product channel for each species. The time-resolved profiles of photodesorption product ions are measured followin
excitation with visible laser radiation, 420—800 nm. Slow fragmentation on thestd ms time scale is observed for=
2, 3, and 6. The binding energies of carbonyl i(BD), (n = 2, 3, 6) are derived by fitting these time profiles using a
statistical unimolecular dissociation model. The recommended CO binding energigfQRtand P4(CO)s are 206+ 14
and 166+ 14 kJ/mol, respectively, in good agreement with previous results from threshold collision-induced dissociation
measurements. For JJ€O),, a minor second product channe,@O + PtCO is observed in addition to CO photodesorp-
tion. Experimental evidence suggests that there is more than one isomey@DRt species. (IntJ Mass Spectrom 204 (2001)
197-208) © 2001 Elsevier Science B.V.
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1. Introduction Pt (CO), and Pd(CO),. The measurements reveal
information about the structures and thermochemistry
The interactions between metal clusters and li- of these ligated metal clusters.
gands or adsorbates are important as models in  We have recently developed the capability to
gas—surface catalytic processes [1-5] and the clustersperform photodissociation or photodesorption (PD)
themselves may act as catalysts [6]. Measurements oflifetime measurements as an alternative approach to
dissociation energies in metal-ligand systems are TCID [17,18]. Both experiments, TCID and PD, can
important also for providing benchmarks for theoret- be conducted using our guided ion beam tandem mass
ical calculations increasingly being applied to metal spectrometer [19]. The basic idea of the PD lifetime
clusters and organometallics [7,8]. Energy-resolved experiment is to measure the intensity of fragment
threshold collision-induced dissociation or desorption ions as a function of time after laser excitation, from
(TCID) experiments have been dedicated to mono- which the lifetimes of photoexcited clusters can be
metal carbonyl systems such as iron [9,10], vanadium obtained. Statistical theories of unimolecular decom-
[11], chromium [12], cobalt [13], and nickel [10], position are used to model the lifetimes and extract
and multimetal carbonyl systems [14-16] including the binding energies. The PD lifetime method avoids
potential weaknesses in the analysis of TCID, e.g. the
uncertainty of collisional energy transfer efficiency.
* Corresponding author. E-mail: ervin@chem.unr.edu Also, PD allows direct observation of the time-
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0] Platinum cluster anions are produced at a platinum
¢ metal cathode held at aboutl.5 kV in a dc discharge
IL sputtering source. Carbon monoxide is introduced
Oc—"\"c© downstream of the discharge region. After extraction
\ / from the flow tube and acceleration, the cluster ions of
Pt Pt interest are mass selected by a magnetic sector and are
/ N7\ - : . _
e C N then injected into an octopole ion beam guide at a
o

fixed translational energy~3 eV). An excimer-
Fig. 1. Structure of [R{CO)s?>~ in solution as characterized by pumped dye laser system (Lambda Physik LPX140i/
Chini and co-workers [23,24] and proposed structure of gas-phase LPD 3001) is used to generate tunable laser light
Pt(CO) [14,15]. (420—-800 nm) for photodesorption experiments. The
dye laser beam is collimated and directed coaxially
dependent fragmentation, rather than a kinetic shift in along the center of the octopole to overlap with the
TCID [20], simplifying the dissociation energy deter- cluster ion beam. The mass-selected cluster ions
mination. Comparisons of TCID and PD have been absorb photons upon irradiation and subsequently
made for pure metal cluster ions,/A[21], Ag,, (n = dissociate. Fragment ions are collected with high
7-11)[17], Ag, (n = 8-21)[22], and Ay, (n = 6, efficiency by the octopole and are then detected by a
7) [18]. Our PD and TCID results on silver and gold quadrupole mass spectrometer as a function of time
cluster anions using the same cluster source [17,18]from the laser pulse. lons that are near the detector
generally validate the procedures and assumptionsend of the octopole at the time of the laser pulse arrive
used in TCID experiments and data analysis in spite at the detector first, followed at later times by those

of some small offsets. nearer the source end of the octopole. Thus, the spatial
This work extends PD measurements to adsorbate—gjstribution of the ions is converted into a product
metal cluster systems, namely;@0O), (n = 1-6), time distribution. The ion time-of-arrival spectrum is

for which TCID results were previously reported accumulated with a multichannel scaler (EG&G Tur-
[14,15]. The binding energies of CO tojPtluster bo-MCS) for up to 1B laser shots to obtain an
obtained by TCID indicate two different types of agequate signal-to-noise ratio. The product ion inten-
binding sites, three terminal sites (100—180 kJ/mol) sity shows a rising time profile if the dissociation
and three bridged sites (about 220 kJ/mol), in agreement itatime matches the experimental time window. High
with the structure [23,24] of [B¢“'CO)3(C_:O)3]27 n photon energies lead to prompt desorption and a
solution as depicted in Fig. 1. In this work, the  octangylar product time profile when proper align-
dissociation kinetics of photoexcited Jf&O), is ment between the ion and laser beam is achieved.
investigated experimentally. The results are compared To extract the dissociation energies from experi-

with our previous TCID experiments [14,15]. mental time profiles, Rice-Ramsperger-Kassel-Mar-
cus (RRKM) rate theory for unimolecular dissociation
is applied to model the experimental photodesorption
lifetimes [21,25]. The RRKM microcanonical rate

The guided ion beam tandem mass Spectrometerconstantk(E, J) for dissociation at a total internal
used in this work and the procedures for the photo- €N€rgyE and angular momenturh is
dissociation experiment and data analysis have been WHE — Eq, J)
presented in detail [17,19]. Briefly, platinum carbonyl k(E, J) = o T ho(EJ)
cluster anions are produced using a flow tube reactor '
source. The buffer gas includes helium (90%) and whereW*(E — E,, J) is the number of states at the
argon (10%) at a total pressure of about 350 mTorr. transition statep(E, J) is the density of states of the

2. Experiments and data analysis

(1)
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energized clusterf, is the dissociation activation positioned variationally at the top of the centrifugal
energy at 0 K, andr is the reaction path degeneracy. dissociation barrier for the ion—induced-dipole poten-
The dependence of product yield on time after the tial, and vibrational and rotational parameters are
laser pulse is convoluted over the internal energy and identical to those of the free fragments. This model
rotational angular momentum distributions of the represents an upper limit for RRKM rates and disso-
cluster ions. The product intensity versus time is ciation energies, and is most appropriate for the

formulated as barrierless CO desorption processes. The vibrational
and rotational parameters for the RRKM calculations
e are identical to those used by Grushow and Ervin [15]

() =C P(E:. J) for TCID of platinum carbonyl cluster anions.

0 0

The uncertainties of the reported binding energies
[1— e KEFE I g3 dE (2) are composed of errors from several sources, includ-
ing the uncertainty of vibrational frequencies, the

reproducibility of independent data sets, and statisti-
cal uncertainties of the nonlinear least-squares fits for

where C is a scaling constantP(E;, J) is the
Boltzmann rovibrational energy and angular momen-
tum distribution of the cluster ions at 300 K, isthe  jngividual time profiles. For vibrational frequencies,
laser excitation energy, ant is the instrumental e fits are repeated with all the frequencies increased
delay time. A modified version of theruncHprogram o gecreased by 50% from their original values. The
[26] is used to calculate the internal energy distribu- resulting limiting values of the binding energy typi-
tion and to convolute and fit the experimental time ¢4y differ by 5-10 kd/mol. The reproducibility test
profile to extract the desorption threshold energies. jycludes two kinds of experiments: (1) time profiles
For photodissociation experiments, is equal to  optained using different laser excitation photon ener-
the thermochemical dissociation energy if there is no gies while other conditions are the same and (2) time
reverse activation barrier. In the dissociation of clus- profiles acquired at different experimental sessions
ter ions, potential energy barriers in excess of the ith variations of other experimental conditions. The
reaction endothermicities are not usually expected total uncertainty is the root-sum-of-squares of the
because of the strong long-range attractive potential indjvidual error estimates. The final uncertainty rep-
between the dissociation products [27]. Loss of CO is resents an estimate of 2o, but does not include
a heterolytic dissociation process, which on theoreti- possib|e Systematic errors in the ana|ysis models.
cal grounds [28] should have no dissociation barrier.
Further, earlier kinetics measurements of the fast
reverse association rates ofRtith CO indicate that 3. Results
any barrier on the path of desorption of carbonyl from
Pt is less than 4.5 kJ/mol [29,30]. Therefore, the 3.1. General features
derived E, will be directly equated with the CO
binding energy in the present experiment. Upon photoexcitation, all B{CO), (n = 1-6)
The experimental time profiles are modeled using ions undergo photodesorption by loss of a single CO.
tight and loose transition states (TS) as limiting cases Other fragmentation channels are minor for= 2
[16,17,20]. The tight-limit TS model treats the TS as with loss of PtCO and nonexistent for other species.
identical to the reactant cluster, except with one Three species, RCO),, PL(CO);, and P4(CO);,
vibrational mode removed as the reaction coordinate. show slow-rising product ion time profiles in the
This model represents the tightest reasonable transi-available wavelength range. For the three other clus-
tion state, and gives lower limits for the RRKM rates ters, only fast dissociation with rectangular product
and derived dissociation energies. In the loose-limit time profiles (lifetimes shorter than 10s) are ob-
TS model (“phase space limit” [20]), the TS is served within the available dye laser range (420-800
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nm). For P4CO), and P%(CO);, TCID results [15] 5
indicate that their CO binding energies are too small PL(CO),” ~ Pt(CO)
for the lifetime measurement even at the longest
wavelengths available with our laser system. TCID
experiments [15] indicate thatJf€0O)~ has a binding
energy comparable with the applied photon energy
range, and our RRKM model predicts that a slow ‘
process should be observed in the available photon
energy range. One possible explanation for the lack of 2 T T
a slow process might be that a five-atom system is too -1 0 1 2
small to show a statistical fragmentation. The possi- 6
bility of a two photon absorption dominating can not Pt,(CO); - Pt3(CO),
be excluded, but it is unlikely for the laser power s | 620nm
density used. In previous photodissociation experi-
ments of metal clusters including Al[21], Ag,, [17],
Ag, [31], and Ay, [18], only clusters of more than 4 -
five atoms showed a statistical dissociation process on
the 10-100Qus scale.

Laser power dependence measurements are per-
formed at the wavelengths where the slow dissocia-
tion is observed. The measurements indicate that the
desorption is a single photon process for reactants
Pt(CO), at 450—480 nm, R{CO); at 620—670 nm, 700 nm
and Pi(CO), at 670—730 nm. The power depen
dences for the reactions JEO), + hr —
Pt(CO)™ + CO, Pt(CO); + hv — P(CO), +
CO, and P§(CO); + hv — Pt(CO); + CO at fixed 31
wavelengths are shown in Fig. 2. The unit slopes on a
logarithmic scale are consistent with single photon 0 1 2
absorption. Power dependence measurements can be log (P/mW)

misleading in the case of saturated transitions, but 0. 2. Power dependence measurement fog(@@) —

only single-photon absorptions are consistent with the pyco) + co at 460 nm, R(CO); — PL(CO), + CO at 620
bond energy results and previous TCID measure- nm, and P{CO), — Pt(CO); + CO at 700 nm. The indicated

ments. No attempt was made to measure phOtOdiSSO-Values of the slopes are obtained by linear regression.

ciation threshold energies. Besides experimental dif-

ficulties in normalizing spectra measured in different and fragmentation processes can be competitive in the

laser dye wavelength regions, threshold experiments photoexcited clusters. This competition has been ob-

would be subject to kinetic shifts, competitive radia- served in silver anions [17,32]. There might also be

tive emission, and multiphoton effects. other competitive processes such as radiative emis-
sion, thermal electron emission, and other dissociative
channels [33-38]. To extract the desired binding

3.2. Possible competitive processes energy from a lifetime measurement, the importance
of such competitive processes must be assessed. For

For anionic clusters with similar electron affinities Pt;(CO), species, the predominant dissociative chan
and dissociation energies, electron photodetachmentnel is loss of CO. To address the possibility of

| 460 nm

s =1.09+0.07

s =1.02+0.02

5 | Pt3(CO), -~ Pt3(CO)s

$=1.05+0.13
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Pts(CO); Yy - PtB(CO)Z_ +CO [39,40]. The glegtron emission signal just emerges at
an electron binding energy of 220 kJ/mol for photo-
1750 9 ot Pt o). excited P§(CO); _[39,40]. The photon excitation _e_n_
17404 .. . o e ergy for 620 nm is 193 kJ/mol and the average initial
S 1m0 1 f-"‘.::':;\" ) '1«1-'.':"‘.’.'"'5"'5‘}' thermal energy is 29 kJ/mol, for a total mean mtern_al
~ .y -_',-‘g-'-_’:{. _'f-...':.j W% oy energy of 222 kJ/mol. Therefore, the electron emis-
1720 noen e sion process can not compete with the carbonyl
1710 desorption process at 620 nm. Fory(BO), and
15 ! i ' Pt;(CO)s , the product appearance and reactant deple
product Pt (CO), : tion measurements also show negligible electron loss
10 ?‘W‘sﬁ" processes ih t.he gxperimgntal energy range. Hen(?e,
S g.," v electron emission is not an important decay channel in
~ 5] these photoexcited platinum carbonyl clusters.
3 Another possible competing decay process in pho-
1758 7 : ; S“ toexcited platinum carbonyl clusters is radiative re-
§ laxation. Since prompt fluorescence involves a differ-
:£\c 1740 4 \.. ent precursor than statistical decomposition, it need
;— 1730 4* not be considered as a competing process for the
C:; 1720 4 dissociation energy extraction [17]. On the other
: hand, slow radiative relaxation from an energy-ran-
1710 7 : l? : domized intermediate might be competitive. Black-

0 500 1000 1500 2000 body radiation from pure metal clusters has been
observed experimentally [33,35]. For platinum car-
bonyl cluster anions, there are vibrational modes with
Fig. 3. Time profiles of reactant depletion, product appearance, and high frequencies and the carbonyl has a small dipole

the sum of reactants and products foy(BO); at620nm. Thesum 5 mant  which could make the radiative emission
is obtained withl (t) = 1,(t) + I,(t + ty), wheret, accounts for

the time products spend in the quadrupole mass spectrometer. TheProcess faster than for the pure metal clusters [41]. In
vertical dotted lines delimit the ions inside the octopole at the time the worst case, the absorption of a photon at 460 nm

of the laser pulse. will give Pty(CO), internal energy equal to a temper
ature of 2300 K, resulting in substantial population of

electron loss, product appearance and reactant dep|e_\/ibrationally excited states. Hence, infrared radiative
tion measurements are performed [17]. As a represen-mission could in principle be an important process
tative example, the product and reactant depletion for photoexcited clusters. Infrared radiative relaxation
profiles of P4CO); at 620 nm are shown in Fig. 3. has been investigated for many gas phase ions, as
The depletion of reactant is only 0.5% of the total reviewed by Dunbar [41]. The measured lifetimes for
intensity when the dye laser output is 1u0/pulse. radiative emission are greater than 1 ms for most ions,
Compared with silver cluster anions [17], the deple- but a few have lifetimes in the range of hundreds of
tion observed here is much smaller. The observed microseconds, which would be competitive with our
product formation accounts for all of the reactant observed desorption processes. Radiative cooling
depletion. In other words, there is no competitive rates of \i; were measured recently; at an internal
direct or statistical electron emission process, nor temperature of 2000 K, the radiative lifetime is about
other dissociation process in photoexciteg(€0); . 200 us [42]. Experimentally, our appearance—deple-
Gantefo and co-workers have measured the photo- tion measurement is totally blind to the radiative
electron spectra (PES) of £0O), (n = 0-6) emission process. Radiative emission will therefore

time (Ls)
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Fig. 4. Product appearance time profiles (points) measured at Fig. 5. Product appearance time profiles (points) measured at

several photon energies for;f80); — Pt (CO)s + CO with fits
(lines) of Eqg. (2). The vertical dotted lines delimit the ions inside
the octopole at the time of the laser pulse.

be neglected in this work. If the radiative relaxation

process is significant here, this neglect will make the

derived binding energies lower than the true values.

several photon energies for,fE0); — Pt;(CO), + CO with fits
(lines) of Eq. (2). The vertical dotted lines delimit the ions inside
the octopole at the time of the laser pulse.

3.3. Photodesorption of RICO); and Pt(CO);

The slow-rising time profiles of the sole product,

The overall kinetic scheme can be summarized as P(CO), from Pt(CO)s can be observed when the

photoexcitation of R(CO), ,

Pt(CO), + hv — [Pt(CO), I* (3)

to form the long-lived intermediate [CO),]*,
followed by statistical decomposition,

[Pt(CO), ]* — Pt(CO),_, + CO (4)

The experimental time profiles of product ion appear-
ance are fit directly using Eq. (2) without further
correction. Typical data sets for f£O), at various
wavelengths are shown in Figs. 4—6 for= 6, 3,
and 2. The fits of Eq. (2) are shown in Figs. 4—6, and
the averagés, values from all data sets are given in
Table 1.

laser wavelength is longer than 670 nm. The time
profiles, Fig. 4, are measured at 670-730 nm (164 —
179 kJ/mol photoexcitation plus a mean initial inter-
nal energy of 48 kJ/mol). As shown in Table 1, the
averages for all time profiles at different wavelengths
indicate that there is no systematic wavelength depen-
dence of the extracted CO binding energy using the
loose TS model, but there is a minor but apparent
wavelength dependence for the tight TS model values.
For the tight TS, the extracted energy decreases with
increasing laser wavelength. Self-consistency implies
that the loose TS model is more valid. The recom-
mended CO binding energy of JEO), is 166 = 14
kJ/mol using the loose TS model.
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Pt(CO), +hv - Pt(CO) +CO
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Fig. 6. Product appearance time profiles (points) measured at
several photon energies for,f80), — Pt;(CO)~ + CO with fits
(lines) of Eq. (2). The vertical dotted lines delimit the ions inside
the octopole at the time of the laser pulse.

The photodesorption of RCO); shows only one
product channel, the loss of a single CO to yield
Pt,(CO),. Slow-rising time profiles of the product
ions are observed at excitation laser wavelengths of
620—650 nm (184 —-193 kJ/mol photoexcitation plus a
mean internal energy of 29 kJ/mol), as shown in Fig.
5. As shown in Table 1, the tight TS model values
exhibits an apparent wavelength dependence, for
which the CO binding energy decreases with an
increase of photon wavelength. TEg values from
the loose TS model are well within statistical fluctu-
ations. The CO binding energy fora€0O); is 206 *

14 kJ/mol using the loose TS model.

3.4. Photodesorption of RiCO),

Photodissociation of BfCO), using 450—480 nm
photons (249-266 kJ/mol photoexcitation plus 22
kJ/mol initial mean internal energy) exhibits predom-

203
Table 1
E, (kJ/mol) for Pt(CO), — P(CO),_, + CO at various
wavelengthd
n A (nm) Loose TS Intermed. TS Tight TS
2 450 273.3-4.9 269.9+ 3.6 233.6+ 2.4
460 275.4+ 3.9 269.6+ 3.6 2324+ 16
470 276.5+ 4.0 270.5+ 3.7 230.7+ 1.4
480 277.3+ 6.0 270.8+ 4.6 228.6+ 1.5
3 620 207.5+ 3.5 166.0= 1.5
630 207.7+= 3.1 165.2+ 1.4
640 206.5+ 3.7 163.7+ 1.4
650 205.9+ 4.1 162.0= 1.3
6 670 165.9+ 3.1 127.8+ 2.0
680 166.2+ 1.4 126.2+ 3.6
690 165.8+ 3.9 125.6+ 4.1
700 165.6+ 4.0 124.9+ 3.6
710 165.6+ 2.8 1251+ 25
720 166.3+ 3.7 125.0+ 3.0
730 165.2+ 4.1 1247+ 1.2

2The error bars representl estimated standard deviation for
several experiments at each wavelength, and do not include the
uncertainty of vibrational frequencies.

inately the carbonyl loss channel, with the intensity of
product P{(CO)" a hundred times stronger than that
of P,(CO)". In TCID of P(CO), [14,15], in con
trast, two product channels with comparable intensi-
ties, Pt(CO) + CO and P4CO)™ + PtCO, are ob
served [14,15]. The TCID experiments [14,15] also
show that the cross sections of these two channels
cross each other, with loss of CO as the predominant
channel when the collision energy in the center-of-
mass frame K ,,) is less than 2.3 eV and loss of
PtCO as the main channel at higher energies. The
lowest photoactivation energy used in the PD exper-
iment, 2.81 eV at 480 nm including the mean initial
internal energy, is well above the crossing point in the
TCID. It is interesting to find reversed product ratios
for the TCID and PD experiments since it should not
matter how the energy is introduced if the products
are from the same intermediate and the dissociation is
statistical. We repeated the TCID and PD experiments
under identical source and detection conditions and
found the same results, excluding the possibility of
detection discrimination or different ion distributions.

It can be seen in Table 1 that the CO binding
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energies for B(CO), from the RRKM model show needs the loose TS model while the breakage of the
apparent wavelength dependences for both the tight metal cluster core requires the tight TS model [16,17].
and loose TS models, in opposite directions. This The two TS models have different dependences of
systematic photon wavelength dependence indicatesmicrocanonical rate constantgE, J) on internal
that neither TS model reproduces the observed photonenergy and the two channels have different threshold
energy dependence of unimolecular dissociation and energies, which could in principle cause the anoma-
that the process of CO desorption fromg(RXO), lous crossing. We applied transition state models
should be described by an intermediate transition stateincluding the combinations of loose—loose, tight—
model [16,17,43,44]. The intermediate TS model loose, tight-tight, and loose—tight for the two chan-
employs a tight, fixed transition state with frequencies nels. None of these models yields reasonable fits for
identical to the parent cluster except for removal of both channels, suggesting that the two channels might
one mode for the reaction coordinate, and the reduc- not be from the same reactant. Specifically, there
tion of four transition mode frequencies for CO loss. might be more than one isomer for reactan{@€0), .

The fits using the four frequencies divided by two as The presence of isomers of ;REO), could also
typically used [17,21] still show a small wavelength explain the different product patterns of TCID and PD
dependence. Reducing the frequencies to 5% of their experiments, say if one isomer is transparent to
original values yields binding energies free of appar- photoexcitation whereas another isomer absorbs a
ent wavelength dependence [45]. Tlgvalues from photon and dissociates to form product(RO) .

fits using this TS model are also shown in Table 1. Collisional excitation is effective for all isomers and
The recommended CO binding energy in(BO), is would lead to both dissociation channels in TCID.

270 = 13 kJ/mol using the intermediate TS model To ascertain the existence of isomers ig€0),,
compared with 275 18 kJ/mol from the loose TS  we further investigated the effect of source conditions
model and 220+ 50 kJ/mol from TCID. on TCID behavior. More extreme variation of source

There are some unique features in TCID and PD of conditions is used than was done in previous work
Pt;(CO);, . First, the PD result just barely agrees with [15]. In Fig. 7, two source conditions are compared,
the TCID value within the error bars, and the direction both with the argon buffer gas flow fixed at 0.45 STP
of the deviation is opposite to the expectation that the (standard temperature and pressure) L/min but with
TCID value is an upper limit (vide infra). Second, PD the helium gas flow changed to (a) 6.5 STP L/min and
and TCID show reversed product ratios at the same (b) 1.5 STP L/min. The total flow tube pressures are
total energy. Finally, the cross sections of the two (a) 0.34 Torr and (b) 0.14 Torr, respectively. It can be
product channels cross in TCID. The TCID value for seen that channel 80~ + PtCO remains almost
Pt,(CO), was originally derived without taking into  the same while channel J&0~ + CO changes cb
account the possible competitive shift [14,15] due to viously to a higher threshold energy under condition
the two product channels. Because of the existence of (b). Competitive dissociation models with all four
the second channel, a large uncertaintypQ kJ/mol) transition state model combinations are tried to fit the
was reported foD (P;CO —CO) in the TCID work. cross sections under condition (b) but still do not give
The neglected BEO™ channel is predominant over a  satisfactory fits to both channels simultaneously. Fit-
wide energy range. To account for the competitive ting to the CO loss channel without considering
shift, we have attempted to use the recently developed competitive shift yieldsD (Pt;(CO) —CO) = 256 =
competitive dissociation model [46,47] for simulta- 46 kJ/mol using the loose TS model. This value still
neously fitting the two product channels of TCID of agrees with the original TCID result of 226 50
Pt;(CO), . Since the two channels involve different kJ/mol within the large error bars, but is closer to PD
kinds of reactions, desorption of carbonyl and break- result. If the extent of cluster ion thermalization were
age of the metal skeleton, different TS models are the only difference between the two measurements,
required for these two processes. The loss of CO there would be a higher temperature and more internal
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v Table 2
Carbonyl binding energie€) [Pt;(CO),_,—CO], in kd/mol

(a) He: 6.5 Ar: 0.45

10 . n TCID? PDP
1 220+ 30
2 220+ 50 270+ 13
1 . 3 220+ 22 206+ 14
4 103+ 14
— 5 110+ 19
g 6 180+ 30 166+ 14
e 010 1
S o 2Threshold collision-induced dissociation, see [15].
=z b Photodissociation kinetics, this work.
8
3 (b) He: 1.5 Ar: 0.45
g 10 7 P(CO), + Xe — P(CO)™ + CO + Xe is about
S one order magnitude smaller than for other values of
o n; there is no reason for this exception if all generated
Lr < ] Pt;(CO), (n = 1-6) species follow the same molec
o, O ular model. In comparison, the TCID cross sections of
o Qaﬁl_"u reactions Pg(CO), + Xe — Pdy(CO),_, + CO +
orr D%DOS%U o 1 Xe (n = 1-6) monotonously increase with [48],
o . . . .
B © .80 " T implying an uniform structure model is obeyed. In
0 1 2 3 4 > summary, the existence of isomers would be a rea-
energy (eV c.m.)

sonable explanation for all these unusual behaviors,
Fig. 7. TCID cross sections for reactions@0); + Xe —> ngmely, the crossmg.of the TCID cross sections, the
PL(CO)” + CO+ Xe and P§CO) + Xe — PH(CO) + different product ratios from TCID and PD, the
PtCO + Xe at different gas flows in the flow tube reactor source: disagreement of the threshold energies from TCID
(a) He, 6.5 STP L/min; Ar, 0.45 STP L/mim; = 340 mTorr and -

(b) He, 1.5 STP Limin: Ar, 0.45 STP Limip — 140 mTorr, and.PD, and the exceptlogally small apparent cross
Circles represent channeLBEO)~ + PtCO and squares represent  Section for TCID of P4(CO), .

P(CO)~ + CO.

4. Discussion
energy in P§(CO), for the low-pressure condition
(b), which would cause the apparent cross section The TCID and PD results for the CO binding
thresholds to shift to lower collisional energy. In energies of BR{CO), (n = 1-6) aresummarized in
contradiction, the experimental TCID cross section Table 2 and Fig. 8. For RCO); and Pt(CO)s,
behaves in an opposite way. Hence, it is not just a TCID yields slightly higher binding energies than
guestion of thermalization, but rather the different does PD for both the tight and loose TS models. For
source conditions yield different isomer composi- the loose TS model, the results from the two experi-
tions, causing different behaviors of the TCID cross mental methods are fairly consistent and have over-
section. Perhaps the higher pressure for condition (a) lapping error bars. As discussed previously [17], the
allows a high energy isomer to be trapped in a TCID dissociation energies are strictly upper limits
metastable well through stabilizing collisions. Unfor- because the collisional energy transfer in the activa-
tunately, PD lifetimes could not be measured for tion process could be less efficient than assumed by
condition (b) because of low ion intensities. Compar- the threshold law used in the modeling. Although the
ison of the TCID cross sections of RLO), (n = electron loss process is not found in the PD experi-
1-6) series [15] at condition (a) also finds;@&0), ments, it is not clear whether the radiative relaxation
is unique. The absolute cross section of reaction process is active. If the radiative relaxation process is
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better than do the values of the tight TS model. Hence,
300 L_1rD the values from the loose TS model are recom-
. [T mended. The values from the tight TS model serve as
2309 ‘} _} lower limits.
’—é 200 - i For Pt(CO),, the comparison of PD and TCID
E 150 under different source conditions points to the exis-
£ tence of at least two RiCO), isomers. However, it is
100 - difficult to identify the number of isomers or their
structures and stability. The CO dissociation energy
301 from the TCID and PD experiments have overlapping
0 I | error bars, but it is improper to compare the two

experiments because different isomers might be
n probed. The PD experiment is effective only for those
isomers with high photon absorption cross section,
while TCID works for all kinds of isomers although

the energy transfer efficiencies might be slightly
different for each isomer. To repeat the TCID and PD
experiments on B{CO), with a different cluster

Fig. 8. Comparison of the recommended CO-loss desorption
energies of R{CO), measured by threshold collision-induced
dissociation (TCID) from [15]§ = 1-6) and byphotodesorption
(PD) methods i = 2, 3, 6) in this work.

significant in both TCID and PD experiments, then
the extracted dissociation energies from TCID would
be higher and the binding energies from PD will be
lower than the true values, which would also contrib-
ute to the discrepancy between the TCID and PD

source, especially one with annealing, would be
helpful.

Grushow and Ervin [15] interpreted the TCID
results as showing that the bridging carbonyls have
higher binding energies than the terminal carbonyls in

results. The observed deviations between the two Pt;(CO),, wheren = 1-3 are bridging with higher
experimental methods are in the direction predicted binding energy anch = 4—-6 are terminally bound
for these possible effects. Nevertheless, the relatively with lower binding energy. The PD results are con-
small magnitudes of the deviations imply that the sistent with this interpretation and the model shown in
assumptions made in the two methods are reasonableFig. 1. However, the slightly higher binding energy
The effect of the choice of transition state model in for n = 2 could indicate a more complicated se-
the analysis is actually more critical than possible quence of structures than originally envisioned in the
radiative emission or inefficient collisional activation. stepwise addition processes.

The apparent dependence of derived CO binding  Theoretical calculations give ambiguous compari-
energies on laser wavelength suggests that the loosesons. Balasubramanian and co-worker [49] showed
TS model is more appropriate for the CO desorption that terminal bonding between find CO leads to a
processes from EICO); and Pi(CO); than is the less stable equilibrium complex than the bridge bond-
tight TS model. That is consistent with the previous ing, D = 205 kJ/mol for bridged versuB = 110
treatment [15,28], but this evidence is not definitive kJ/mol for terminal. That agrees with our assignments
because of experimental uncertainties and the limited of bridging and terminal binding sites. Recent density
practical wavelength range over which the dissocia- functional theory calculations by Gmbeck and An-
tion lifetime can be measured. A loose transition state dreoni [50] on neutral R€O, however, indicate that
is most appropriate for ionic clusters with no barrierto the terminal and edge-bridged sites have similar
dissociation in excess of the endothermicity and the binding energy for CO, 260 and 240 kJ/mol, respec-
rupture of a single localized bond [20]. The CO tively. This result suggests that highly uncoordinated
binding energies from the TCID and PD experiments species have large CO binding energies regardless of
using the loose TS model also agree with each other the binding site. That is still consistent with the
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experimental result that the binding energy drops References
sharply once the three bridged positions are com-
pletely filled. The possible existence of a three-fold

face-bridging carbonyl, as proposed in the study of
Pdy(CO), [48], can not be eliminated experimentally

but it seems unfavorable on the basis of calculations
[50-52] and surface studies [53,54]. High-level the-
oretical calculations on the anionic triplatinum car-

bonyls would be helpful to resolve these questions.
Any theoretical treatment needs to be able to repro-
duce the binding energies for the whole setz 1-6

in Fig. 8, to give confidence in predicted structures for
stepwise addition of the carbonyls.
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