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Abstract

The dissociation of gas-phase poly(vinyl acetate) ionized bywas investigated by electrospray-ionization tandem mass spectrometry.
The ions lose acetic acid molecules from the polymer side chain, and ultimately lithium acetate, to form a polyene with a positive charge
on the carbon backbone. Collision-induced dissociation (CID) mass spectra were obtained at different center-of-mass collision energies to
study the sequential appearance of the fragment ions. Molecular mechanics/molecular dynamics (MM/MD), semi-empirical, Hartree—Fock
and density functional calculations were employed to model the lowest energy dissociation processes.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction ionized poly(styrene) (P3%,6—8]and its gas-phase confor-
mation[9]. Closely related mechanisms have been proposed
Collision-induced dissociation (CID) mass spectrometry for its fragmentation. The gas-phase structure of the PS
permits the primary structure (sequence) of an ionized poly- ion shows coordination of the metal by the phenyl ring on
mer to be determined. The fragmentation patterns exhibitedthe side chain of the polymer. Unlike ionized PMMA, the
by many polymer ions have been attributed to backbone structure of ionized PS is close to linear; the metal cation
cleavage along the polymer chain. Jackson and co-workerslies between two phenyl rings in the middle of the polymer
[1-5] studied the fragmentation of poly(methyl methacry- backbone.
late) (PMMA) ions generated by matrix-assisted laser des- This trend in fragmentation along the polymer backbone
orption/ionization (maldi) under conditions of high-energy extends to more polar polymers such as poly(3-hydroxy-
collision-induced dissociation. Two main progressions of butanoic acid) ionized with a potassium or sodium
distonic ion fragments were observed that are formed by cation [10] and polyols such as poly(ethylene oxide) and
homolytic cleavage of the tertiary C—C bonds along the poly(propylene oxide) ionized with silvgt1]. Selby et al.
polymer backbone starting from each end of the polymer [12] have shown that low-energy CID of poly(ethylene gly-
(Scheme 1 The resulting iommv/z value depends on which  col) (PEG) ionized with an alkali metal cation yields metal
fragment retains the metal cation. Minor products due to cations and small fragments from hydrogen-rearrangement
1,5-hydrogen rearrangement reactions were also observedeactions. At higher collision energies, 1,4-Eliminations
to occur from both ends of the polymer. Molecular model- are observed producing two types of unsaturated fragment
ing of the gas-phase structure of PMMA ionized with™Na  ions along with homolytic cleavage reactions at either end
showed that the oligomers adopt a closed-loop shape withthe polymer. Derrick and co-workef$3] and Jackson et al.
the ester side chains of the polymer complexing the metal [4] also observed the presence of these three types of prod-
cation [5]. The same group studied the fragmentation of ucts. Gidden et al[14] modeled the gas-phase conforma-
tion of ionized PEG and poly(propylene glycol) (PPG) and
mpondmg author. Telt1-613-562-5800x6038; as opserved for PMMA the polymer surrounds thg metal
fax: +1-613-562-5170. allowing the oxygen atoms on the backbone to coordinate the
E-mail address: pmayer@science.uottawa.ca (P.M. Mayer). cation.
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Scheme 1. CID fragmentation pattern of poly(methyl methacrylate) Li.
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In this study the fragmentation of ionized poly(vinyl ac-

etate) (PVAc) generated by ESI-MS and ESI-MS/MS has for simulation of free-radical polymerization developed by
been modeled to understand the mechanism of dissociatiorBadeen and DubfL.5].

and the internal energy effects on the CID processes. Vinyl
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toluene (BDH Ltd.) were used without further purification.
A reaction mixture containing about 17% (w/w) of monomer
was pipetted into glass ampoules. After four freeze-pump-
thaw cycles under vacuum to remove air, the ampoules were
sealed and heated at 80. Polymerization was stopped
by transferring the ampoules to an ice bath. Solvent was
evaporated and the resulting polymer samples were dis-
solved in acetone for analysis by ESI-MS. Oligomers of
molecular weight between 400 and 2000 Da were pro-
duced. The reaction conditions were adjusted to achieve the
desired molecular weight using a JAYM-based program

acetate is a monomer used for the fabrication of adhesives2.2. Mass spectrometry
and sealants related to the paper, textile and wood industries.

2. Experimental procedures

2.1. Polymer synthesis

The ESI-MS and ESI-MS/MS experiments were per-
formed using a Micromass Quattro LC triple quadrupole
mass spectrometer equipped with a Z-spray source. Solu-
tions of 1 mg/ml of polymer sample and 0.25 mg/ml of NaCl
or LiCl in 9:1 acetone:water mixture were analyzed. The
ESI capillary was operated at 4.3kV and the sample cone

Poly(vinyl acetate) was produce by free radical poly- voltage was 180V. CID of the polymer ions utilized colli-
merization. Vinyl acetate (Aldrich) was purified by distil-
lation under vacuum. The initiator, azodiisobutyronitrile sion gas with pressures fromx410~* to 1.2 x 10~3 mbar.
(AIBN), was recrystallized three times in methanol. The A flow rate of 60ul/min of 9:1 acetone:water was used for
chain transfer agent dodecanethiol (Aldrich) and the solvent MS and MS/MS analysis.
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Fig. 1. ESI mass spectrum of the PVAc mixture ionized with lithium. One polymer distribution is observed- @9+ 86z) indicating that the end
groups are hydrogen and isobutyronitrile.
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2.3. Computational procedures (A)
-1AcH

Molecular mechanics/molecular dynamics (MM/MD), 4ACH-AcLi 446 Smer
semi-empirical, ab initio and density functional theory 200 306
calculations were performed to predict the structure and
the relative energies of poly(vinyl acetate) ions in the
gas-phase and those of the fragmentation products ob-
served by collision-induced dissociation mass spectrome-
try. The Cerius2 modeling environmefit6] was used to
model structures of a 5-mer of PVAc ionized with lithium 2AcH
and the experimentally observed fragments. To study the 4ACH-ACLi-1H Sl A 30
conformation of the polymer, equilibration and annealing /—3A02F;-OP}LV -33/;2'*
dynamics were performed. During the equilibration phase L . \IJJ ] )
an energy-minimized structure of the ionized polymer was 50 100 150 200 250 300 350 400 450 500
run for 100 ps at constant NVT (constant number of moles,
volume and temperature: 300K) to determine the equilib- ®) 4AcH AcNa IH | 55'3‘3"
rium structure. The lowest energy equilibrium structure was AL AN
then evaluated at constant NVT using 100—200 annealing
cycles in which the temperature was varied from 300 to
800K in increments of 100 K. One thousand steps (1 ps) of
dynamics were done at each temperature increment and the
model was minimized to OK after each complete annealing
cycle. Annealing cycles were continued until the energy of -3AcTI-AcNa
the structures reached a low energy plateau.

Standard ab initio molecular orbital calculations were
done using the GAUSSIAN 9R.7] suite of programs. The
geometries of the lowest energy conformations from the |

\/Z

annealing runs for each species were optimized using semi- 30 100150 200 250 300 350 400 450 5°°|

empirical (AM1) and density functional theory (B3-LYP/ 9mer
3-21G). The optimized geometries from each level of theory © 850
were used to calculate the single-point energy by Hartree— _8AcH-AcLi

Fock and density functional theory (using the HF/6+&(d) 304

and B3-LYP/6-3%G(d) levels of theory). All relative

energies were corrected for zero-point vibrational energy

(ZPVE) using the scaled (by 0.9R8]) B3-LYP/3-21G TACAC A

values. The ZPVE values from semi-empirical theory were

close to the DFT values (less than 5kJ/mol of difference)

but the B3-LYP values were chosen for consistency. TACH ACLIH
The transition state for the loss of acetic acid was mod- \

eled using a 3-mer of PVAc ionized with lithium. The geom-

etry was optimized and the harmonic vibrational frequen-

cies were calculated at the HF/6-BG(d) level of theory.

The IRC algorithm in GAUSSIAN 98 was used to verify all  Fig- 2. CID mass spectrum of (A) [PVAet Li] ¥, (B) [PVAcs + NaJ",
transition state structures (C) [PVACg + Li] *. AcH: acetic acid, AcLi: lithium acetate, IH: isobuty-

ronitrile. Lab frame collision energy 26 eV.
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3. Results and discussion CID mass spectrometry was carried out on the 4-mer to
the 12-mer using either sodium or lithium to ionize the poly-
3.1. Mass spectrometry mer. The CID mass spectrum of [PV&¢ Li] T is shown in

Fig. 2A. The mass spectrum shows acetic acid (AcH) loss
Fig. 1shows the ESI mass spectrum of the PVAc mixture from the polymer side chain. For the 5-mer, five repetitive
ionized with lithium. One polymer distribution is observed losses are observed as well as two losses of lithium acetate
(Lit469486n) indicating that the end groups are hydrogen (AcLi) (mVz 260 and 200). The peak at'z 200 corresponds
and isobutyronitrile (from the initiator of the polymeriza- to a polyene chain with hydrogen and isobutyronitrile as
tion). The peaks are separate by 86 mass units confirmingend groups. The oligomer can then lose the initiator termi-
that the repetition unit is vinyl acetate. nus resulting in a fragment ion appearingnaz 131. The
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Scheme 2. Proposed fragmentation pathway for B/Ad.i] .

fragment ions aim/z 260, 200, and 131 do not contain a resulting in weaker interactions between the heteroatoms of
metal cation since when the salt is change from LiCl to the polymer and the metal cation. In addition, fragment ions
NaCl, the mass of these ions do not shiig. 2B) while appearing at lowm/z value in the CID mass spectrum of
the other peaks are shifted iz by the difference in mass  poly(styrene) are not metal ion addu3s7,8]. These peaks
between’Li and 2°Na. Thereforeyz 260, 200, and 131  were more intense when a larger metal such®ag or
have a positive charge on the polymer backbone. The frag-53Cu was used to ionize the polymer. It was proposed that
mentation of [PVAg + Li] ™ is summarized irScheme 2 fragment ions with lowem/z ratio are less stable because
In the case of larger oligomers, most of the side chains areof the weaker binding affinity with the metal ion. These
lost as acetic acids. The ion [PVAe- Li] + (Fig. 20 loses hypotheses cannot be extended to PVAc where, as shown
eight acetic acid molecules and there are three dissociationin Fig. 2C the 9-mer produced large oligomeric fragments
paths leading to the loss of lithium acetate. The polyene without metal ion adductawz 304, 364, and 424).
chains with and without the initiator end groups aremét A study of the relative abundance of the fragment ions
304 and 235, respectively. versus collision energy was made at different collision gas
The unlabeled peaks in the low mass range of each specpressures (4, 8 and 3210~*mbar) and is shown iFig. 3
trum in Fig. 2are independent of the salt used meaning they for the [PVAc + Li]* ion at 8 x 10~*mbar. The most
come from the fragmentation of the polyene chains. Pseudoabundant process (up to 2.2eV) is the loss of one acetic
MS2 experiments omvz 131 (resulting from skimmer-cone  acid to produce the peak witivz 446. The second major
dissociation) showed peaks separated by 26 mass units confragment atm/z 200 corresponds to the loss of four acetic
sistent with the fragmentation of a carbocation chain with acid molecules and a metal acetate. This signal becomes
alternating single and double bonds. dominant at a center-of-mass collision energy of 2.2eV
The loss of a metal ion has been observed for poly(ethylenewhen the collision gas pressure isx@0~4mbar. This frag-
terephthalate}4]. According to Jackson et gH], the loss ment appears before the emergence of peaks from multiple
of the metal ion was caused by the rigidity of the polymer losses of acetic acid. The next dominant peak is the polyene



M.-S. Giguére, PM. Mayer / International Journal of Mass Spectrometry 231 (2004) 59-68 63

0.8 - M Smer-1AcH (m/z 446)
- A Smer-2AcH (m/z 386)
L n " & Smer-3AcH (/z 326)
|
- n ® Smer-dAcH (m/z 266)
0.6 1
- m B 0O Smer-3AcH-1AcLi (m/z 260)
|
0.5 4 A Smer-5AcH (m/z 206)
% n © Smer-4AcH-1AcLi (m/z 200)
c - 2
% 0.4 4 " [ui X Smer-4AcH-1AcLi-IH (m/z 131)
‘© o n ¢ o
2 o < ¢ °
-t
% 0.3 1 o O o o o <& ¥
[ - m B o © < u o O ¥
i o © X o
o0 © X X
= o ¢ m B
0.1 1 & B x o) A A A A A A )‘é e X A A E
A A, anabansa X X
A 8§ 4 a A X sadst ! ! !
0.0 —H+H—H—I—H—IM—M AaagaReg 84
- T L]
0.3 0.8 1.3 1.8 2.3 2.8

Center of mass collision energy
Fig. 3. CID mass spectrum of [PVAct Li]* at a collision gas pressure of>810~*mbar as a function of collision energy. AcH: acetic acid, AcLi:

lithium acetate, IH: isobutyronitrile.

chain without the initiator terminusr{z 131). When lower ~ Table 2 . .
collision gas pressures are used, the overall pattern stay<@/culated relative energies for the fragment 5-mer-1AcH

the same but the maximum intensity of the distributions are Structure Position of  Relative energies (kJ/mdl)
shifted to higher center-of-mass collision energy. AcH loss  HF/6-31+G(d)/IAM1
[5-mer-1AcH] + 1AcH 1 21.9
. [5-mer-1AcH] + 1AcH 2 55.4
3.2. Molecular modeling [5-mer-1AcH] + 1AcH 3 29.9
[5-mer-1AcH] + 1AcH 4 25.1
The optimized structures of [PVAc- Li]  and its frag- [5-mer-1AcH] + 1AcH 5 47.0
mentation product ions are shownhig. 4 and the relative aThe energies are relative to the 5-mer.

energies can be found fable 1 The energy needed for the

loss of acetic acid was investigated from the five different optimized using AM1 and their energies were calculated at
positions on the 5-mer, starting at the hydrogen end with the HF/6-34-G(d) level of theory. As shown iffable 2
position 1 and finishing at the isobutyronitrile end with po- the lowest energy product corresponds to the loss of acetic
sition 5 as shown ischeme 2The resulting structures were  acid closest to the hydrogen end (position 1). This does not

Table 1
Calculated relative energies for MM/MD, AM1 and B3-LYP structures of the decomposition products of poly(vinyl acetate) ionized with lithium
Species m'z Relative energies (kJ/mol)
MM/MD structures AML1 structures B3-LYP/3-21G
MM/MD HF/6- B3LYP/6- AM1 HF/6- B3LYP/3- B3LYP/6- B3LYP/6-
31+G(d) 31+G(d) 31+G(d) 314+G(d) 21G 31+G(d)
[5-mer + L]+ 506 0 0 0 0 0 0 0 0
[5-mer + Li-1AcH]* + 1AcH 446 57 49 52 189 18 39 155 22
[5-mer + Li-2AcH]+ + 2AcH 386 162 150 132 95 86 90 304 106
[5-mer + Li-2AcH]+ + 3AcH 326 274 217 194 123 146 143 546 188
[5-mer + Li-2Ac]™ + 4AcH 266 391 324 288 141 179 165 636 205
[5-mer + Li-2AcH-1-AcLi] * 260 148 747 661 345 286 261 726 290
+ 3AcH + 1AcLi
[5-mer + Li-5AcH]* + 5AcH 206 463 474 428 162 258 240 877 332
[5-mer + Li-4AcH-1AcLi] © 200 —-231 857 708 329 248 237 828 301

+ 4AcH + 1AcLi
[Polyenel” + 4AcH + 1AcLi + IH 131 —70 980 794 459 389 358 955 405
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Fig. 4. The optimized structures of [PVAe- Li]* and its fragments from (a) MM/MD, (b) AM1 and (c) B3-LYP/3-21G optimization. Lithium atoms
are labeled with a4” on the atom. Carbon atoms with a positive charge have-ateside them.
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Smer-3AcH

Fig. 4. Continued).

preclude the loss from the other positions, especially sincethe AM1 results. The B3-LYP/6-38G(d)//B3-LYP/3-21G
the transition state energies for these processes are like tovalues are believed to be most reliable results but the AM1
be similar. The sequential loss of acetic acid should occur results still present an interest because of the lower calcu-
from neighboring positions since the product ion will benefit lation time required.
from a conjugated double bond structure. For all the frag- The gas-phase conformation of ionized poly(vinyl acetate)
ments discussed ifable ] the losses were assumed to start is similar to that of PMMA with the side chains of the
at position 1. polymer coordinating to the metal ion. When the 5-mer ion
It is clear from Table 1 that the relative energies of was optimized by MM/MD, all 10 oxygen atoms and the
the fragments obtained from MM/MD are unreliable as nitrogen atom of the initiator end group coordinate th& Li
might be expected from the molecular mechanics treat- ion. The distance between the oxygen atoms and tfe Li
ment of gas-phase ions. In addition, MM/MD alone does range from 2.03 to 5.07 A. When the structure is optimized
not provide reliable geometries for further single-point en- by AM1, the Lit moves above the molecule, and only four
ergy calculations. The relative energies for the reactions oxygen atoms are less then 5.07 A front LiThe nitrogen
involving a loss of lithium acetate are particularly poorly atom on the initiator-terminal is now closer to the metal
represented at this level of theory of geometry optimiza- ion (2.12 compared to 5.25A at MM/MD). The B3-LYP
tion. The relative energies using AM1 geometries with structure shows the shortest distances between the lithium
HF/6-314+-G(d) and B3-LYP/6-3%-G(d) single-point en-  cation and the oxygen atoms (1.86—4.73 A).
ergy calculations are slightly lower than the AM1 energies.  The structure for 5-mer-AcHyVz 446, exhibits the LT
The relative energies using B3-LYP/3-21G geometries and moving away from the double bond, but also further from
energies are higher than the AM1 relative energies but thethe nitrogen atom of the initiator end group. For the AM1
B3-LYP/6-31+G(d)//B3-LYP/3-21G values are closer to structure, the oxygen atoms are generally further from the
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Li* ion compared to the MM and DFT structures. Unlike LYP/3-21G level of theory. The average internal energy of

structure2a and2c from Fig. 4, the oxygen atoms on the side
chain adjacent to the isobutyronitrile end groupFig. 2B

the 5-mer ion (calculated using the B3-LYP/3-21G vibra-
tional frequencies) at 298K is 100 kJ/mol. The PES shows

are far from the metal ion. The structures and trends areirregular steps of either 20 or 100 kJ/mol for the losses of

similar for the fragment atwz 386, corresponding to the

acetic acid molecules. According to the relative energy dia-

loss of two terminal acetic acid molecules. gram, the reaction leading to the loss of a fourth acetic acid
For the fragment ai/z 326 (loss of three terminal acetic ~molecule was significantly lower in energy than the reaction
acid molecules), there is more rigidity limiting the coordi- leading to the loss of lithium acetate. This is consistent with
nation of the salt for the DFT and AM1 structures compared the CID mass spectra in whiai/z 266 always predomi-
to the MM/MD structure. Only one side chain acetate group nates ovem/z 260. However, once only a single acetic acid
and the nitrogen atom stabilize the cation since the oxygenremains on the polymer, it is preferentially lost as a metal
atoms of the other side chain are more then 5.3 A from the acetate Figs. 2 and » The polyene ionrVz 131) is the
cation. The structures for the fragmentratz 266, corre- highest energy channel on the surface.
sponding to the loss of four acetic acid molecules are similar  There is a high activation energy required for the 1,5-H
to those ofm/z 326. In the fragment ion atvz 206, corre- rearrangement resulting in the loss of acetic acid. The
sponding to the loss of five acetic acid molecules, only the 1,5-hydrogen rearrangement is known to require up to
nitrogen of the isobutyronitrile remains to complex thé' Li ~ 175-200kJ/mol in pyrolysis experimer{t,20] It is also
ion. The structures from the three levels of theory are almost known that the stability of the resulting ene product affects
identical except for the orientation of the isobutyronitrile the barrier height in these reactions. As the polymer loses
terminal in structure7a and the slightly smaller distance acetic acid, a conjugated polyene structure is obtained that
between the nitrogen and the'Lin the DFT structuré’c. may successively lower the transition state to acetic acid
The fragments atrvz 260 and 200 (loss of three or four loss. The transition state for acetic acid loss was modeled
acetic acid molecules and one lithium acetate moiety) are for the potential energy surface of a 3-mer with hydrogen
less planar in the MM/MD optimization compare to the atoms at both ends. The geometries of the 3-mer and the

AM1 and DFT optimizations. According to the bond an-
gle, the carbocation of the polyene fragment131) has a
sp? character when optimized by MM/MD and sp character
when AM1 or B3-LYP is used.

3.3. Internal energy and competing fragmentation
process

The potential energy surface (PES)Hig. 5 shows the
relative energies obtained at the B3-LYP/6+33(d)//B3-

425
400 4
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350 4
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= 300 1

£275 ]

< 250 4

3225 4
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E 175 |

§ 150 -

& 125 |
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50 -
25 4

Smer-2AcH
miz 386

transition states were optimized at the HF/6+&(d) level
of theory since it was considered unlikely that the smaller
3-21G basis set would yield a reliable transition state struc-
ture. For acetic acid loss, the minimum energy reaction
pathway from a 3-mer-1AcH Li* to a 3-mer-2AcH¢Li ™
is shown inFig. 6 and the structures are presentedig. 7.
The mechanism consists of the 1,5-H shift to produce an
intermediate complex between 3-mer-2AcH and acetic acid
bound together by [fi. The transition state has the'Lion
complexing both acetate side chains while the hydrogen

Polyene

Smer-3 AcH-AcLi
miz 260

Smer-4 AcH-AcLi
miz 200

Fig. 5. Relative energy surface for the decomposition of poly(vinyl acetate) ionized with lithium using the B3-LYPB(B1/B3-LYP/3-21G level of

theory. The thermal energy distribution of the precursor ions at 298K is superimposed on the diagram. AcH: acetic acid, AcLi: lithium acetate, IH:

isobutyronitrile.
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1,5-H shift ~0.5eV. As the number of collisions increases, so does the
275 1 TS most probable internal energy deposit[@8]. In the present
250 - experiments, cm collision energies between 0.3 and 2.8eV
3mer-2AcH were studiedKig. 3). At 1eV, up to 100 kJ/mol can be de-
+ AcH posited into the ion which, together with the average thermal
internal energy of 100 kJ/mol, is insufficient to raise the in-
ternal energy of a large fraction of the ion population above
the threshold for polyene ion formation. Multiple collisions
must therefore be responsible, but it must be noted that the
overall trends inFig. 3 were independent of collision gas

225 -
200 -
175 -
150 -
125 -
100 -
75 -

50 - 84 pressure.

2% intermediate Another explanation may be in the “sudden death”
25 approximation in chemical kineticf24,25] Laskin and

*" 3mer-1AcH co-workers have observed and modeled the shattering of

Fig. 6. Potential energy surfaces for the 1,5-H shift leading to acetic acid _pepudg lons n coII|S|o.n-|nduced. dIS_SOCIatlon experiments
loss (all energies relative to the 3-merLi™ ion having two hydrogen involving surfaces. This approximation assumes that the
atom end groups). energy deposited into the projectile ion is not statistically
randomized among the internal modes (rotations and vi-
atom is transferred. The forward barrier to this process is brations) of the ion, but rather is localized leading to
232 kJ/mol at this level of theory. dissociation channels that would otherwise be inaccessible.
The early appearance ofz 200 andnv/z 131 in the CID The loss of a dimer of acetic acid was also considered
mass spectra can be explained by the internal energy con-but the resulting relative energies do not correspond to the
tent of the PVAc ions. The average thermal vibrational en- mass spectrometry result$aple 3. If acetic acid is lost
ergy of the PVAc 5-mer is 100 kJ/mol and the distribution as a dimer, it might be expected that the CID mass spec-
is shown superimposed on the relative energy diagram intra would exhibit stronger peaks due to these process, but
Fig. 5 Meroueh and Hasf1,22] and Laskin and Futrell  this is not observed. Indeed, the reaction for loss of one
[23] have modeled the internal energy deposition in low en- acetic acid molecule is higher in energy than for the loss
ergy collision-induced dissociation experiments. For a sin- of a dimer, but the mass spectra fig. 2 show a larger
gle 5eV center-of-mass (cm) collision event, the internal abundance for VAc-1AcH. The same pattern is observed for
energy deposition ranges from 0 to 5 eV with a maximum at VAc-(AcH)»-1AcH and VAc-2(AcH).

3mer 3mer-1AcH 3mer-2AcH

&
1.841 1.846

Fig. 7. Optimized HF/6-3%G(d) structures for the 1,5-hydrogen shift transition state for the reaction leading from a 3-mer-1AcH to a 3-mer-2AcH.
Bond lengths are given in Angstroms.
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Table 3
Calculated relative energies considering the loss of the acetic acid dimer

Structure Mass Relative energies
(Da) (kd/mol) B3-LYP/6-31
+G(d)//B3-LYP/3-21G
5-mer 506 0
[5-mer-AcH] + AcH 446 22
[5-mer-AcH] + AcH 386 3
[5-mer-AcH-AcH] + AcH + AcHz 326 86
[5-mer-2Ach] + 2AcH; 266 -1
[5-mer-AcH-AcH-AclLi] 260 187
+ AcH + AcH, + AclLi
[5-mer-AcH-2AcH] + AcH 206 127
+ 2AcH;
[5-mer-2AcH-1AclLi] 200 199
+ 2AcH; + AclLi
[Polyene]+ 2AcH, + AcLi + IH 131 200

4, Conclusion

Electrospray-ionization tandem mass spectrometry was
used to explore the dissociation characteristics of ionized
poly(vinyl acetate). Collision-induced dissociation mass
spectra showed them to fragment by the sequential loss
of acetic acid from the polymer backbone. Molecular me-
chanics/molecular dynamics was used to find low energy
conformations for a 5-mer along with the fragmentation
products. This was followed by AM1 and B3-LYP/3-21G
level optimizations of these structures and HF/6-8d)
and B3-LYP/6-3%G(d) single-point energy calculations to

obtain reliable relative energies for each channel. The mass

spectra can be understood in terms of the relative product

energies, the transition states for 1,5-hydrogen rearrange-

ments, and the internal energy content of the PVAc ions.
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