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THE AGGREGATED STATE OF MATTER: ELUCIDATING TRANSITIONS FROM
THE GAS TO THE CONDENSED PHASE AND THE FORMATION OF

AEROCOLLOIDS

ABSTRACT

Undzrstanding the behavior of matter in a highly dispersed state whose properties are

influenced by the finite dimensions of the system--aerosols or aerocolloidal media in the gas phase,

fine particles, clusters or thin films at the surface, and colloids dispersed in liquids--is of

considerable fundamental scientific interest, and at the same time bears on a number of applied

areas of technological importance. From a scientific point of view, the work addresses a number of

challenging problems with the prospect of advancing knowledge in tne field of phase

transformations, condensed matter and surfaces, and aerosol science. In terms of application to

programs of interest to the U.S. Army, the research bears on rroblems of interest in the field of

detection, obscuration by both natural and intentional methcds of particle generation, the dispersal

of agents, mechanisms of reactions that are involved in c'.nmbust~on and fast reactions in energetic

materials, the formation and growth of small clusters aad their optical properties that are of value in

the area of propulsion and missile signatures, as well as reactions within and on small particles that

bear on the areas of decontamination and even the Jispersal of agents. Research was undertaken on

a number of major projects including studies of the formation and growth of clusters,

photodissociation and energy transfer, and investigations to deduce the thermochemistry of

clusters.
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SUMMARY OF ACCOMPLISHMENTS UNDER RECENT ARO SPONSORSHIP

Support from the U.S. Army Research Office for a proposal enitled "The Aggregated

State of Matter: Elucidating Transitions from the Gas to the Condensed Phase and'. the. Formation

of Aerocolloids" commenced on August 15, 1985. Results of the ARO-sponsored program formed

the basis of 56 publications and 97 presentations at scientific conferences and seminars.

The general strategy of this program was to characterize the properties of small clusters,

"which are the precursors to aerosol particles, as a method for exploring basic processes such as

nucleation, condensation and the interaction of light with matter. The results provided insight into

factc-s governing the size distribution and morphology of small particles produced in smoke and

missile exhausts, as well as those resulting from natural phenomena such as fogs and hazes. Some

of the more significant findings of the ARO-sponsored studies are very briefly outlined below.

Details of these and other results are given in the publications; those completed papers which have

not as yet appeared in print are included as appendices.

STUDIES OF THE FORMATION AND GROWTH OF CLUSTERS

In order to elucidate the mechanisms of formation and growth of clusters, as well as

provide data for assessing nucleation processes occurring in supersonic expansions, we undertook

investigations of clusters comprised of a number of different atomic and molecular constituents.

An important aspect of these studies involves ionization of clusters and mass spectrometry of the

resulting distributions. Knowledge of dissociation processes assists in interpreting the

measurements of the cluster distributions, and is of interest in its own right as a contribution to

understanding unimolectilar dissociation mechanisms and energy transfer processes.



3

Dissociation Processes Following Nonresonant Multiphoton Ionization

We have studied the dynamics of dissociation of clusters upon multiphoton ionization by

using time-of-flight mass spectrometry with a reflecting electric field, systems that were examined

include mcthanol, ammonia, ard xenon clusters. Results for each are briefly discussed below.

Ammonia Clusters. Ammonia is an interesting system for study since it undergoes a well

known "internal" ion-molecule reaction following ionization. The N114' cation is formed, and the

hydrogen-bonded system undergoes substantial rearrangement around the newly formed charged

center. A study of the extent of dissociation in ionized ammonia clusters was performed and

reported earlier (1-3). Under the current ARO sponsorship the timescales of dissociation were

more carefully investigated. Dissociation rates were found to be time dependent as a result of a

cooling with time of the cluster ensemble via "evaporation". If dissociation is observed shortly

after ionization (on the order of one microsecond), dissociation rates are about 1W5 sec-1 with no

particular trend in cluster size. However, when observed over longer times (10-100 gsec), average

rates are found to be slower (about I04 secI) and generally increase with cluster size (from 10 to

25 molecules). See Figure 1. The cluster size that is observed is most likely not the initial size of

the neutral cluster since prompt dissociation (within a tenth of a microsecond or so) occurs.

Therefore, the observed dissociation rates should depend upon expansion conditions due to

variations in the internal energy distribution of the ionized clusters; these variations are a result of

the different contributions from larger clusters that rapidly dissociate to the size in question. This

effect also probably explains the temperature dependence of dissociation rates of ionized argon

clusters observed by Mdrk and coworkers (4). The role of laser fluence in dissociation is seen by

comparing trends in the cluster sizes as seen in Figures 2a and 2b. These data were taken under

identical expansion conditions. Further details are given in Appendix A.

Methanol Clusters. Ionized mcthar.ol undergoes a proton transfer reaction, leading to the

formation of protonated clusters with methanol (5). The methanol system is of particular interest
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since other possible reaction channels are available. Figure 3 (Spectrum I in Table I) shows a

conventional time-of-flight mass spectrum of methanol clusters obtained by multiphoton ionization

(at 266 nm). A sequence of ions (labelled A) of the form H+(CH3OH)n are observed. Another

sequence (labelled B) of the form H+(H20)(CH 3OH)n also begins to appear at about seven

methanol units. In Figure 4 (Spectrum 2 in Table I), the spectrum of only daughter ions is shown

(parent ions were not reflected). Several series of peaks are apparent. The mass loss is determined

by the time-of-flight and also by the threshold potential required for reflection. The A labelled

series represents the loss of one methanol molecule (32 daltons) from an ion that enters the

field-free region as H÷(CH3OH)n. Series B results from the loss of one methanol molecule from

the species H+(H 20)(CH3OH)n. Series C derives from a mass loss of 78 daltons from H+(CH 3OH)n

where the mass loss corresponds to the loss of both a methanol and dimethyl ether molecule. Peak

D corresponds to the loss of a mass of 18 daltons (H-120) from H+(CH 3OH)2. Series E results from

the reflection of a small portion of the undissociated ions on the low energy side of the birth

potential distribution. By further reduction of the reflecting potentials, the shoulders on the early

arrival side can be resolved and reveal more extensive methanol evaporation, e.g., the loss of up to

five methanol molecules from the protonated octamer.

The spectra suggest several dissociative processes. First, ionization leads to a rapid

internal (intracluster) proton transfer reaction to produce H+(CH 3OH)n followed by the slower

evaporative unimolecular dissociation processes, as has been observed earlier for ammonia clusters

(1). The protonated dimer is seen to eliminate water to produce protonated dimethyl ether. This

process requires at least several tenths of a microsecond since little or no (CH 3 )2 0H+ is observed in

the conventional TOF spectrum. The gas-phase analogue of this reaction (between protonated

methanol and methanol) is also known (5). Details of this observation have been published (6).

For the larger clusters, however, C21160 elimination occurs and leads to the production of

H-(H20)(CH3OH),. As opposed to the protonated methanol dimer, water evidently is retained in



5

the cluster ion since H 30 is more strongly solvated by methanol than is (CH-I3) 2 OH+. Furthermore,

this process occurs on the order of one to twenty microseconds for clusters of less than 8 molecules

(as suggested by series C in Figure 4), but requires less than two microseconds for larger clusters

(as indicated by the appearance of series B in Figure 4). These processes and their timescales are

summarized in Table I. A paper describing these results on the larger clusters is currently in press.

See Appendices B and C.

Xenon Clusters. We have conducted a multiphoton ionization (at 266 nm) study of

atomic xenon clusters for comparison with the dissociation of molecular systems. The relative

cluster abundances for the system Xe.+ are found to be virtually identical with those obtained by

high-energy electron impact ionization, and dissociation is indicated as a factor in the formation of

magic numbers in the cluster distributions; see Figure 5. This observation indicatcs the importance

of the energy liberated following ionization of the cluster in effectir.g the magic numbers and size

distribution of weakly bound clusters as compared to the energy deposited to initiate ionization.

The peak shapes of the Xe 2+, Xe3+, and Xe4+ in the time-of-flight spectra under single field

acceleration exhibited tails toward longer flight times which are the result of rapid dissociation of

larger clusters. No tail is apparent in the Xe+ peak or for clusters larger than Xe4'. From these

results, the dissociation of larger clusters to Xe4+, Xe3+, and Xe2+ is found to occur in the

neighborhood of hund-edths of microseconds. These are evidently the only species which have

metastable contributions in the time domain accessible by this method. Dissociation for clusters of

ten or more atoms have been reported (7) on slower timescales: further details are given in the

publication of this work (8).

Dissociation of Ionized Clusters Throuih Rotational Tunneling

We have observed metastability of Ar3' on a timescale that is too long to be accounted Cor

by vibrational predissociation. On the basis of observations in our laboratory as well as others, we
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have shown that tunneling through rotational barriers can explain these unexpectedly long

timescales. Our experimental findings are in good accord with calculations we have made using a

WKB approximation. An interesting result is that for a fixed rotational state, L, tunneling is

insensitive to mass which suggests this may be a general phenomenon in cluster dissociation

processes. See Reference 9 for further details.

Cluster Spectroscopy. In order to establish the ability to ascertain the degree of

aggregation of a system to which a given species is attached, measurements were undertaken on

clusters of various molecules bound with a test chromophore, phenylacetylene. Extensive

experiments were carried out for clusters comprised of CO2 and ammonia. The small specital (red)

shifts in the case of CO2 provided evidence for the assignment of the geometry of these clusters

corresponding to a CO2 bound to the aceontylenic hydrogen of the phenylacetylene. Of particular

interest were experiments with ammonia which displayed quite different spectroscopies when the

phenylacetylene was co-expanded with ammonia compared to ones made in which a cross-beam

effusive source was used to deposit a phenylacetylene molecule on a preexisting ammonia surface.

These results were quite exciting and revealing in that they established that it is possible to

ascertain the degree of aggregation of a system to which a chromophore is bound through

resonance enhanced ionization. This offers the promise that in favorable cases it. is possible to

ascertain whether a given molecule is adsorbed on a cluster surface or contained as an embedded

molecule within a "small microscopic droplet". These recent findings truly establish the surface

cluster analogy. See Appendix D.

Investigation or the Stabilities of Neutral and Ionic Lead and Lead-Antimony

Clusters Under Single and Multiphoton Ionization Conditions

Investigations of metal clusters were performed to gain further insight into cluster

formation processes. A gas aggregation source was used to produce the species and time-of-flight

laser ionization was utilized in their detection. The fluence dependence of lead cluster ion
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distributions at 222 nm and 308 nm reveal markedly different behavior. Results obtained at 308

nm display a simple uniform increase in intensity with higher laser fluence with little change in

relative intensities. At 222 nm, however, a significant transformation is found from a markedly

different low fluence distribution to a high fluence pattern, wh;ch is essentially indistinguishable

from that observed at 308 nm. It is concluded that mass spectra obtained at 308 nm, regardless of

fluence, or at 222 nm and high fluence contain appreciable contributions from fragmentation.

Hence, under these conditions the mass spectra are found to be dominated by cluster ion stabilities.

Magic numbers observed at both high and low fluence correspond well to those obtained

using electron-impact ionization, and in many instances parallel the magic numbers characteristic of

rare-gas clusters. This suggests the stabilities of both neutral and monovalent cationic lead clusters

are largely determined by close-packing considerations, and are not appreciably influenced by

electronic structure. Similar preferences for close-packed structures are also found for mixed

lead-antimony clusters containing one or two antimony atoms that are ionized using high fluence 308

nim excitation. See Appendix E.

PHOTODISSOCIATION AND ENERGY TRANSFER

Studies of ciuster dissociation following photon absorptio. yield data of interest in

understanding energy transfer in systems having widely disparate modes. The results also provide

information on cross ections for photodissociation and findings of differences in dissociation with

varying degrees of solvation bear on photochemical processes in the condensed state.

Kinetic Enery_ Release in Photodissociation or Cluster Ions

The kinetic energy release in the photodissociation of CO3 hydrates and the SO2 dimer

anion has been examined (10). The photodissociation experiments on CO3(H2 O)n (n= I to 3) yield

rcsulrs which suggest that all three hydrated.ions undergo photodissciation by the same

mechhnism. Dissociazin i is found to proceed via absorption of a photon by CO3 into an electronic
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excited state that is only slightly perturbed by the presence of the water t-.olecul'.s i1~iiration

totally eliminates the dissociation channel to 0- which dominates in the ck.se of tne b.re anion. For

each of the hydrates, more of the available energy is found to be partilioneJ intw, reladve translation

than is expected based on statistical phase space theory. See Figure 6. :Thotod :,'tion of

(SO2)2" similarly resulted in more kinetic energy release than expected; se.- Fict,,e 7. Through

examination of the kinetic energy release in (S0 2)2" with parallel and pertenciiularly polarized

light, the lifetime of the excited complex against dissociation was determined to be less than one

rotational period.

Photodissociation of Argon Trimer Cation

As part of our work on rare gas clusters, we recently undertook a determination of the

photodissociation spectrum of Ar 3÷ over the wavelength range of 539 to 620 nm (the range of

rhodarnine/6G) (11). The spectrum displays a peak in cross-section near 544 nm with the

photoproduct being Ar÷, which has been found to be dependent on the expansion conditions: see

Figure 8. More recently, we have been reexamining the photodissociation and extending the

measurements into the blue in light of some recent results from Lineberger's group at the

University of Colorado. The absolute cross-section at 544 nm is 2.5x10-16 cm 2 as determined by

both parent ion disappearance and product ion appearance. Preliminary results indicate a second

peak around 523 am in accord with the observations of Lineberger and coworkers (544, nm peak

was observed only as a shoulder in their study). Indications are that the rather narrow 544 nm peak

is the result of a F.' - E,' bound-state transition whereas the broader 523 nm peak is the result of a

transition to a repulrive Fig state. The relative contributions of these two transitions depends ',n the

method of cluster production.
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THERMOCHEMISTRY OF CLUSTERS

We have undertaken extensive studies of the thermochemistry of selected cluster ions.

These data are useful in assessing the role of cluster properties in effecting the energy barrier to

nucleation and also provide valuable information on the thermochemical differences between ions

in the gaseous and condensed state (12,13). The data also find value in understarding factors

governing the stability cf clusters and their structure. During the grant period, work has been

undertaken on metal cations, such as Bi+ and K+, and anions including CI and P0 3-. See Appendix

F.

Gas Phase Hvdration of Monomeric Metaphosphate Anion

The monomeric metaphosphate ion is of extensive interest in biological processes and also

is an important intermediate in the oxidation and subsequent formation of aerosols generated by the

combustion of phosphorus. Currently there is considerable controversy concerning its behavior

upon hydration. Recently, we have completed a study via high pressure mass spectrometry on the

clustering of water onto the monomeric metaphosphate ion PO 3. The ion is produced from

electron attachment to phosphoric acid. Beyond the first hydration step, it was necessary to use

D20 in order to avoid interference from the hydrates of HCO3 , which appeared at the lower

temperatures and higher water vapor concentrations required to examine the further clustering

steps. The -nthalpy changes for the first four stepwise additions of D20 to P0 3 " were determined

to be -12.6, -11.4, -16.3, and -11.0 kcal/mol, respectively. The enthalpy value of -12.6 kcal/mol

compares ell with the value of-12.9 kcal/mol obtained for the addition of H20 onto P0 3 . The

respective entropy changes are -20.7, -22.1, -36.4, and -22.6 ca!/K-mol and the r, spective standard

free energy changes are -6.4. -4.8, -5.4. and -4.3 kcal/mol. This system v.,as unusual in that the

magnitude of the enthalpy and free energy changes of the third hydration step are found to N. larger

(more negative) than those of the previous two steps. The values of the first two hydration steps
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are consistent with s'mp!e adduct formation, whereas the unusual result for the third step suggests

that an isomerization into the dihydrogen orthophosphate ion (HO)2PO2 may have occurred.

Transformation of ions at a particular degree of hydration are known as in the case of the hydration

of NO' where the fourth hydration step leads to the formation of H30÷(H20) 2. The isomerizition

may proceed due to a lowering of an energy barrier upon hydration or due to a larger solvation

energy for the orthophosphate ion. Reference 14 details the implications of the results.
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FIGURE CAPTIONS

Figure 1. Rate of evaporative unimolecular dissociation of ammonia cluster ions versus

size of the cluster, N.

Figure 2(a). Time-of-flight spectrum of protonated ainmonia cluster ions. NH4I(NH3)4 is

the prominent peak at 20.0 ±ss. For this spectrum X = 266 nm, P0 = 800 torr NH3

neat, focusing lens position = 18.5 cm (weakly focused).

Figure 2(b). Time-of-flight spectrm of protonated arimonia ion clusters. NH4÷(NH 3 )4

occurs at 20.0 ;s. For this spectrum X = 266 nm, P0 = 800 torr NH 3 neat,

focusing lens position = 9.75 cm (tightly f xused).

Figure 3. Conventional time-of-flight mass spectrum of methanol clusters by multiphoton

ionization at 266 nm. Series A = H+(CH 3OH)W; Series B = H4 (H20)(CH3O-)n.

Figure 4. Spectrum of dissociation product "ons. Series labels described in text. The

sizes of the precursor ion H+(CH 3OH)n (for Series A, C, D, and E) and

H-'(H 20)(CH3OH), (for Series B) are indicated.

Figu,'e 5. Intensity of Xea÷ versus time of flight. The source conddzion was 900 torr and

ionization was made in a two-field time-of-flight lens using 266 ntn photons.

The intensity scale is enlarged in the insert to display the features for cluster

sizes greater than 22.

Figure 6. Integrated probability distributions for kinetic-energy release in the

photodissociation of the C0 3 hydrates, (a) CH3-(H20), (b) C0 3 -(H3 0)2, (c)

C0 3 '(H 20) 3 . Dotted curves from statistical phase space theory. Solid lines are

experimental measurements.
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Figure 7. Integrated probability distribution for kinetic-energy release in the

photodissociation of SO2(S02). Dotted curves from statistical phase space

theory. Solid lines are experimental measurements.

Figure 8. Influence of beam expansion conditions on the photodissociation of Ar 3+. The

data plotted as black squares (M) were taken under the best expansion conditions

(coldest beam), the black circles (0) were next coldest, and the open squares (0)

the warmest. The error bars represent one standard deviation.
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Dissociation of Ammonia Cluster Ions Following Their

Formation Via Multiphoton Ionization

K. Kilgore, S. Morgan, W. B. Tzeng, and A. W. Castleman, Jr.

Department of Chemistry
The Pennsylvania State University

University Park, PA 16802

ABSTRACT

Using a time-of-flight mass spectrometer equipped with a reflectron,

unimolecular (evaporative) dissociation rate constants of ammonia cluster ions

were measured as a function of cluster size, n, ( 4 4n<l8) at both early and

late times following their production via multiphoton ionization. The rates

measured in early time windows are considerably higher than those determined

for later times; although they show no specific trend with cluster size, there

is a general decrease in magnitude with size for ionization at 355 nm. By

contrast, those measured at later times invariably display an appreciable

dependence on cluster size, where the rates rise from l.lxl0 3 to 1.4x10 4 sec- 1

as n increases from 4 to 18. The dissociation rates for clusters comprised of

ND3 and NH3 are nearly the same within the combined experimenzal errors of the

rates measured for the two individual systems. Nevertheless, those for ND3

are consistently slightly larger than those for NH3 . Although the early time

results displayed some minor dependence on laser power, those at longer times

did not. Findings concerning the trends of rates are discussed in terms of

statistical considerations of unimolecular decomposition in conjunction with

thermochemical data available for the ammonia system.
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Reactions of Methanol Clusters Following Multiphoton Ionization

S. Morgan, R. G. Keesee and A. W. Castleman, Jr.
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ABSTRACT

Clusters of methanol formed in a supersonic expansion are subjected to

multiphoton ionization (MPI) at 266 nm using a pulsod Nd:YAG laser. The

resulting cluster ions, H+(CH3 0H)n, are found to undergo several intracluster

reaction pathways which display a dependence on the degree of aggregation. In

addition to the evaporative loss of methanol monomers at all sizes, and the

loss of H20 from the protonated dimer, it is found that a channel

corresponding to (CH3 ) 2 0 and CH3OH loss, with H2 0 retention, also occurs. For

clusters comprised of 4 to 9 methanol molecules, the (CH3 ) 2 0 elimination is

observed to take place over the time window of about 1 to 15 usec after

ionization, while prompt (CH3 ) 2 0 elimination also occurs in the size range

above n-7. The mechanisms are considered in terms of estimated energetics for

the various pathways.
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DISSOCIATION DYNAMICS OF METHANOL CLUSTERS
FOLLOWING MULTIPHOTON IONIZATION

S. Morgan and A. W. Castleman, Jr.

Department of Chemistry
The Pennsylvania State University

University Park, PA 16802

ABSTRACT

Following mulriphoton ionization (MPI), neutral methanol clusters are found to undergo a

well known ion-molecule reaction which leads to the production of protonated clusters.

Evaporative dissociation rates of 41e cluster ions are measured for sizes ranging from the dimer to

the 21-mer following MP!. There is a general trend of the rates decreasing with time after the

initial ionization event in accordance with the evaporative ensemble model. Rates measured at long

times after ionization display a consistent trend of increasing with cluster size. These findings are

shown to be in accord with statistical considerations of evaporative unimolecular dissociation.

Collision induced dissociation cross sections are found to generally increase with size, the finding

of a local minimum in the value for H'(CH3OH)3 is in agreement with predictions of its structure.

Finally, through a combination of unimolecular evaporative and collision-induced dissociation

processes, as rmany as five methanol monomers are found to be lost from a cluster as small as

H'(CH3Oh)7.
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PHOTOABSORTI'rON AND PHOTOIONZATION OF CLUSTEMS

F. G. Keesee and A. W. Casde=Man. Jr.

L CdTRODUCTION
Reseta=h int the formation and Vrope'tiue: of clustes is a rapidly expanding

endeavor. 'This book and several other recent volumes (14) are e.xatmes of the achvicy and

brezdth of this effort. Several modvatons and technological advanc=ments are responsible for

this burst of an-vity. An early and condnuing toodvarion is the recogidon that clusters offer

i =ens by which :o bridge the gao between the gaseous and condensed phase so that :he

detaiLs of condensation and nucleadon phenomena can be probed at the molecular levei (!.7.

A subjet- of Intemst Ln che.nic:.l ,dne-cs concerns the avenues and rates by which energTy is

'nntsfere:d and distrbuted. within a system following an excitation ,r -ss. Custers are

2aricuLariy valuable in such snidies. TMe high ftequency intamolecular modes versus the

much lower fcequency inntermo~lecLar modes of a cluster allow investigaton of the coupLing of

=odes of widely diff•'r-nt enems. Furthermore. the number of degets of 57cedora in the

system can be anceamsed by increasing cluster siz without changing -he chemical units of the

System.

The present chapter zdd-=eses wvo areas of acave rsearch in ,he authaors' habora:crv.

In Secdon 3. ie resuits of suecuoscooic studies via .-esonandy enhanced muic-.hoton

"ioni-oiovith dine-of-flight mass pecaameay •r descr-bed. One of lte goals of

pec--rscopic srudies; of gas-phase clusters is to orobe how the clustering -tivironnient and Its

extent a2,f!c the elec-toic and vibratoiaal strucire of a =oiecule within a cluste. One fact:

of these snrdie concerns the evolution. as the cluster increases in size. of spec•rl !ezzaures -hat

ae associated with the mspecdve condensed phas., Another impornt asoect, is that the

naacur of intermolec-alar ntemacons can be studied. Secdon 4 deals with lhe chemisty and

dissociaton dynamics that accompany photcionizadion and Section 2 presents the exrr-menrai
tec-hniques.

2. FXPER.IMEYrAL METHODS

T'he experumuntal me:hods ecployed in the authors' laboratory for the study of

s.ecscooy, p;hotophyic.. and photochemistr- of clusters emoloy gas expansion through a

pulsed noz:ze. cultipohoton ionization. and dime-of-flight mass spec:omca-/. The overall

instrment is de.•iczed in Figwe 1. ThMe apparatus consists of a aan-_!asble presurnzed (several

-"A: ......... '... ':,- ..
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INVESTIGATION OF THE STABILITIES OF NEUTRAL AND IONIC LEAD
AND LEAD-ANTIMONY CLUSTERS UNDER SINGLE AND MULTIPHOTON

IONIZATION CONDITIONS

R. W. Farley, P. Ziemann and A. W. Castleman, Jr.

Department of Chemistry
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University Park, PA 16802

ABSTRACT

The fluence dependence of lead cluster ion distributions at 222 nm and 308 nm reveal

markedly different behavior. Results obtained at 308 nm display a simple uniform increase in

intensity with higher laser fluence with Little change in relative intensities. At 222 nm, however, a

significant transformation is found from a markedly different low fluence distribution to a high

fluence pattern, which is essentially indistinguishable from that observed at 308 nm. It is concluded

that mass spectra obtained at 308 nm, regardless of fluence, or at 222 nm and high fluence contain

appreciable contributions from fragmentation. Hence, under these conditions the mass spectra are

found to he dominated by cluster ion stabilities.

Magic numbers observed at both high and low fluence correspond well to those obtained

using elec'on-impact ionization, and in many instances parallel the magic numbers characteristic of

rare-gas clusters. This suggests the stabilities of both neutral and mono'-alent cationic lead clusters

are largely determined by close-packing considerations, and are not appreciably influenced by

electronic structure. Similar preferences for close-packed structures are also found for mixed

lead-antimonY clusters containing one or two antimony atoms that are ionized using high fluence 308

nm excitation.
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The Hydration of Monomeric Metaphosphate Anion

in the Gas Phase
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ABSTRACT

Thermochemical data for the clustering of water molecules onto the monomeric

metaphosphate anion PO3 in the gas phase are derived from a study by high pressure mass

spectrometry. Experimental details are described and the enthalpy and entropy changes for the

successive addition of the first four water (DO) molecules are reported. The results indicate that PO3-

undergoes simple adduct formation up to the second hydration step, but the third hydration step

involves an isomerization of the ion-water cluster into the dihydrate of the dihydrogen orthophosphate

anion.


