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The three-body fragmentation dynamics of propyne (CH3CCH) to H+ + CH+ + C2H2
+ and H+ + CH2

+

+ C2H+ is investigated by 50-keV/u Ne8+ ion impact. Employing the reaction microscope, all three ionic
fragments are detected in coincidence, and the momentum vector as well as kinetic energy of each fragment
is obtained. By analyzing the momentum and kinetic energy correlation between different fragments, various
fragmentation mechanisms are identified, and the relative ratio of each mechanism is determined. We find that
the concerted fragmentation with CH and CC bonds breaking simultaneously and the sequential pathway with
CH breakage prior to the CC breakage are the major contributions to both channels. In contrast, the sequential
pathway with CC breakage prior to CH breakage was found to make a minor contribution only to the H+ +
CH+ + C2H2

+ channel. In addition, we compare the present results for CH3CCH with CH2CCH2 published in
Ma et al. [C. Ma, S. Xu, D. Zhao, D. Guo, S. Yan, W. Feng, X. Zhu, and X. Ma, Phys. Rev. A 101, 052701
(2020)]. The location of the CH and CC bonds’ breakage, either from distinct C atoms or from the same C atom,
leads to similar dissociation mechanisms but different ionic fragments for the two isomers.

DOI: 10.1103/PhysRevA.105.022814

I. INTRODUCTION

Fragmentation dynamics of multicharged polyatomic
molecules has been a striking topic in recent years. Besides the
fundamental interest in physics and chemistry, such a process
also plays important roles in many application fields, such as
plasmas physics [1], radiation damage of biological tissues
[2], and chemistry of planetary atmosphere [3]. The multi-
charged molecular cations can be generated when isolated
molecules interact with high-energy radiation, such as ions,
electrons, x rays, and intense laser fields. Such multicharged
molecular cations are usually unstable and can dissociate to
pieces. Among various dissociation channels, the three-body
fragmentation dynamics have been frequently studied.

In such processes, at least two covalent bonds break
either simultaneously or sequentially, leading to complicated
competition between different mechanisms. Taking the ad-
vantage of the improved momentum imaging techniques, the
momentum vectors of all ionic fragments can be measured
in multicoincidence. This makes it possible to visualize the
three-body fragmentation dynamics in detail by analyzing the
momentum and kinetic energy (KE) correlation between dif-
ferent fragments. The triatomic molecules such as CO2 [4–9],
NO2 [4,10,11], OCS [4,12–16], and H2O [17] have been
chosen as prototype systems to investigate the mechanisms
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of three-body fragmentation in the past decades. Besides, the
three-body fragmentation of hydrocarbon molecules like CH4

[18–20], C2H2 [21–25], C2H4 [26,27], and C6H6 [28,29] have
also been investigated.

Propyne (CH3CCH) and allene (CH2CCH2) are two iso-
mers of C3H4 that stably exist in nature. They are frequently
chosen as the prototype for the study of isomer effects, i.e., the
correlation between fragmentation dynamics and the molec-
ular structure during ionization and dissociation [30–33].
Kusakabe et al. investigated the charge-transfer interaction
between C3H4 and C+ ion beam with keV energies. The
measured cross section curves of the charge-transfer process
exhibit apparent isomer effect that the cross sections for allene
are much higher than propyne [31]. Scully et al. investigated
the fragmentation of propyne and allene dications induced by
electrons, and the unambiguous difference between the two
isomers is observed in the partial double-ionization spectra
over a broad projectile energy ranging from 25 to 1000 eV
[32]. In a recent study, obvious isomer effects were identified
in the direct two-body fragmentation resulting from either
CC bond or CH bond breaking by 50-keV/u Ne8+ impact
[33]. On the contrary, no isomer effect was observed in the
delayed deprotonation dissociation [34].

In this study, we report the fragmentation dynamics of
CH3CCH to H+ + CH+ + C2H2

+ and H+ + CH2
+ + C2H+

investigated by 50-keV/u Ne8+ ion impact, and we focus on
the isomer effects in the three-body fragmentation by com-
paring the dissociation dynamics of CH3CCH with the results
for CH2CCH2 published in Ref. [35]. In our recent study on
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CH2CCH2, it was found that, besides the concerted fragmen-
tation process, the sequential processes with either CH bond
or CC bond breaking in the first step also contribute to the H+
+ CH2

+ + C2H+ channel, while the sequential fragmentation
with CC bond breaking in the first step disappears in the H+
+ CH+ + C2H2

+ channel [35]. In order to make an effective
comparison between the two isomers, the measurements for
propyne reported here were performed with the same exper-
imental conditions as the measurement for allene reported
in Ref. [35].

II. EXPERIMENT

The experiment was performed with the reaction micro-
scope (also called cold target recoil-ion-momentum spec-
troscopy) [36–38] mounted at the 320-kV platform for
multidisciplinary research with highly charged ions located
at the Institute of Modern Physics, Chinese Academy of
Sciences. Details of the experiment have been presented in
Refs. [24,33–35]; only a brief introduction is given here. The
well-collimated Ne8+ beam (∼1 mm in diameter) intersects
with the CH3CCH gas jet (∼2 mm in diameter) produced by
supersonic expansion through a nozzle 30 μm in diameter.
The driving pressure of the target is 1 bar. Under this con-
dition, the gas jet contains almost only monomer, and the
contribution of clusters is negligible. Three sets of electro-
static deflectors are mounted in front of the collision zone to
steer and clean the projectile beam. After collision, the scat-
tered projectile ions with different charge states are separated
in position by a parallel electrostatic deflector. The Ne7+ ion
which captures one electron from the target is recorded by a
time- and position-sensitive detector. The ionic fragments are
extracted by the uniform electric field which is perpendicular
to the plane defined by the projectiles beam and the target
beam. After passing the accelerating region and a field-free
drift region, these ionic fragments are finally detected by
another time- and position-sensitive detector. The scattered
projectiles and ionic fragments are recorded in multicoinci-
dence. The arrival time of the projectiles to the detector acts
as the trigger signal for determining the absolute time-of-flight
(TOF) of the ionic fragments.

The TOF information is used to distinguish the species
of each ionic fragment, and thus different dissociation
channels can be identified. The momentum vector of each
ionic fragment is reconstructed according to the TOF and po-
sition information, and consequentially, the KEs are obtained.
In addition, the momentum conservation condition is utilized
to further eliminate the false coincidence.

The energy of projectile is chosen as 50-keV/u corre-
sponding to the velocity of 1.4 a.u. At this energy, the
interaction between the projectile and the target is dominated
by the interaction between the projectile and the target elec-
tron, while the interaction between the projectile and the target
nuclei is negligible. In the present study, we investigate the
fragmentation dynamics of propyne trication (CH3CCH3+).
The precursor C3H4

3+ trications are mainly produced through
capturing one electron while ionizing the other two electrons
by the projectile, i.e., the transfer ionization process [38]:

Ne8+ + C3H4 → Ne7+ + C3H4
3+ + 2e−.

We consider the following two three-body fragmentation
channels:

C3H4
3+ → H+ + CH+ + C2H2

+, (I)

C3H4
3+ → H+ + CH2

+ + C2H+. (II)

The data are displayed in Dalitz plots [35,39,40], Newton
diagrams [4,12], and native frames [41,42].

In the Dalitz plot, the X and Y coordinates are defined as

X = P2
b − P2

a√
3

∑
P2

i

, (1)

Y = P2
c∑
P2

i

− 1

3
. (2)

where Pi (i = a, b, and c) denotes the momentum of the three
ionic fragments H+, CH+, and C2H2

+ for channel I and H+,
CH2

+, and C2H+ for channel II. Each point in the Dalitz
plot reveals a specific momentum correlation among the three
fragments.

The Newton diagram provides a more intuitive view of the
relative relationships among three fragments. In this diagram,
the momentum vector of the H+ ion is set at 1.0 arb. unit along
the x axis, while the momentum vectors of C2H+

2 and CH+
(channel I) or of C2H+ and CH2

+ (channel II) are normalized
to that of H+ and located in the upper and lower halves of the
diagram, respectively.

In the native frames, all events are assumed to occur via
a sequential pathway with a specific metastable intermediate
dication (INT): ABC3+ → A+ + BC2+ → A+ + B+ +
C+. Following such an assumption, the data are presented
as a function of γINT and KERINT. Here γ is defined as the
relative angle between the fragmentation axis of the first step
in the center-of-mass (CM) frame of ABC which is equal to
the laboratory frame and the fragmentation axis of the second
step in the CM of BC. It is calculated by

γ = arccos

(
�

⇀
P1st · �
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|�⇀
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P2nd|

)
. (3)

Here �
⇀
P1st is the difference between the momentum vectors

of A+ and the intermediate BC2+ in the CM of ABC, while
�

⇀
P2nd is the difference between the momentum vectors of B+

and C+ in the CM of BC2+,

�
⇀
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PA − (
⇀
PB + ⇀

PC), (4)

�
⇀
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−
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⇀
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)
. (5)

Here
⇀
PA,

⇀
PB, and

⇀
PC are momentum vectors of the three

fragments measured in the laboratory frame. KERINT is the
kinetic energy release in the second step in the CM of INT.

For the complete sequential process with the intermediate
dication surviving much longer than the rotational period, this
plot shows a uniform distribution along γINT. As discussed
later in the text, we use this uniform distribution of γINT to
estimate the relative intensities of several competing channels
even when two channels are overlapping in the Dalitz or
Newton plots.
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FIG. 1. Dalitz plot for the H+ + CH+ + C2H2
+ channel. (a) Experimental data. Black, red (gray) and blue (dashed) rectangles works

as filters to deduce KE distributions of the fragments shown in Figs. 2(e)–2(g). The main contribution to the black rectangle is concerted
fragmentation with an admixture from sequential pathway A. The red rectangle only contains the contribution of pathway A. Events inside the
blue dashed rectangle are attributed to pathway B. The inset shows the chemical structure of CH3CCH and the bond cleavage leading to this
channel. (b) Calculated momentum correlations of the three ionic fragments as the function of Dalitz coordinates (X,Y ). The red, purple, and
black arrows represent the momentum vectors of the H+, CH+, and C2H2

+ ions, respectively.

III. RESULTS AND DISCUSSIONS

A. H+ + CH+ + C2H2
+ channel

The Dalitz plot for the H+ + CH+ + C2H2
+ channel

is displayed in Fig. 1(a). The most intense region in this
figure is labeled by the black rectangle. This region overlaps
with an oblique stripe structure which is partly labeled by
the red (gray) rectangle in Fig. 1(a). Besides, there is another
stripe structure with weak intensity, as marked by the blue
dashed rectangle. Figure 1(b) displays the calculated momen-
tum correlations as the function of the Dalitz coordinates. The
major contribution of the most intense region in Fig. 1(a) is
attributed to direct fragmentation of CH3CCH3+ to H+, CH+,
and C2H2

+ with one CH bond and one CC bond breaking
simultaneously [see insert in Fig. 1(a)], since as displayed
in Fig. 1(b) the momentum correlations corresponding to
this region are consistent with the initial configuration of the
CH3CCH molecule.

Figure 2(a) displays the Newton diagram of this channel.
The momentum of H+ is normalized to 1.0 arb. unit and fixed
along the x axis, while the momentum vectors of the other two
fragments, CH+ and C2H2

+, are normalized to the momentum
of H+ and are plotted in the lower and upper half of the
diagram, respectively. The intense regions in the top right and
bottom left quadrants correspond to the intense region marked
by the black rectangle in the Dalitz plot shown in Fig. 1(a),
which originates from concerted fragmentation.

The semicircular structures marked by black solid lines
correspond to the intense oblique stripes in Fig. 1(a). Along
the intense oblique stripe shown in Fig. 1(a) (corresponding
to the black solid circles in the Newton diagram), it can be
seen in Fig. 1(b) that the angle between the momenta of CH+
(purple arrow) and C2H2

+ (black arrow) rarely changes. In
contrary, the angles between H+ (red arrow) and the other
two fragments changes significantly. Such a feature indicates
that this structure arises from the sequential pathway with the

proton emitted in the first step while the other fragments are
emitted in the second step. Here we denote this fragmentation
process as pathway A:

C3H4
3+ → H+ + C3H3

2+, step 1,

C3H3
2+ → CH+ + C2H2

+, step 2. (A)

There is another semicircular structure with weak intensity
which is marked by blue dashed cycles in Fig. 2(a). This
structure corresponds to the events inside the blue dashed
rectangle in Fig. 1(a). The semicircular structure indicates
that another sequential pathway different from pathway A
probably occurred. Since this channel involves the breaking
of one CH bond and one CC bond, it is reasonable to assume
that the semicircular structure with weak intensity is from the
sequential pathway with CC bond breaking prior to the CH
bond breaking, and the CH+ is produced in the first step. We
denote this fragmentation sequence as pathway B:

C3H4
3+ → CH+ + C2H3

2+, step 1,

C2H3
2+ → H+ + C2H2

+, step 2. (B)

In Fig. 2(c) the events inside the blue dashed rectangle of
Fig. 1(a) are displayed in the Newton diagram with the mo-
mentum of the CH+ fixed, while the momenta of H+ and
C2H2

+ are normalized to that of CH+. This figure also shows
semicircular structures which are typical features of the se-
quential fragmentation process.

The assignment of sequential pathways A and B are
confirmed by the KE distributions of the three fragments.
Figures 2(e)–2(g) present the KE distributions of the three
ionic fragments with the filters of the black, red (gray), and
blue (dashed) rectangles in Fig. 1(a), respectively. As shown
in Fig. 2(e), the KE of H+ in pathway B is reduced to half
of the KE of the concerted fragmentation and the sequential
pathway A, demonstrating that the proton is emitted from

022814-3



HANG YUAN et al. PHYSICAL REVIEW A 105, 022814 (2022)

FIG. 2. (a) Newton diagram normalized to the momentum of H+.
(b) The γINT vs KERINT plot for events outside the blue dashed rect-
angle in Fig. 1(a), assuming C3H3

2+ as the intermediate dication. The
red dashed rectangle in this figure arises exclusively from pathway
A. Counts inside this rectangle are used to evaluate the total counts
of pathway A. (c) Newton diagram normalized to the momentum of
CH+ for the events inside the blue rectangle in Fig. 1(a). Such events
are assigned to pathway B. (d) The γINT vs KERINT plot for events
inside the blue dashed rectangle in Fig. 1(a) which are assigned to
pathway B with the intermediate dication of C2H3

2+. (e)–(g) KE
distributions of H+, CH+, and C2H2

+ with the Dalitz filters defined
in Fig. 1(a). These curves are normalized to unity at the maximum.

the cation with a lower charge state. Namely, the proton is
ejected from the intermediate dication C2H3

2+ in the second
step. At the same time, the CH+ from pathway B receives
higher KE compared to the other two processes, which further
confirms our assignment of pathway B [12,27,35]. In addition,
the C2H2

+ from pathway B obtains more KE than pathway A
as shown in Fig. 2(g). This is partly due to the fact that the KE
obtained by intermediate dication in the first step is assigned
among the two fragments in the second step proportional to
their mass. Thus, in pathway B the C2H2

+ inherits 26/27
of the KE of the intermediate dication, which is higher than
26/39 for pathway A.

As observed in Figs. 1(a) and 2(a), the events of the
concerted fragmentation and pathway A display a partial over-
lapping. Such overlapping makes it impossible to separate
the two contributions and determine the branching ratios di-
rectly. We employ the native frame to estimate the branching
ratios of different contributions. The events outside the blue
dashed rectangle are plotted as a function of γINT vs KERINT

in Fig. 2(b), assuming that all such events come from se-
quential process pathway A with the intermediate dication
C3H3

2+. Sequential pathway A results in a band distribution
as marked with the blue dashed line along the γ axis, while
the dense region with γ = 60◦ mainly comes from concerted
fragmentation and overlaps with pathway A. Meanwhile, the
events inside the red dashed rectangle are assumed to come
completely from sequential pathway A. Thus the total number
of events in pathway A can be obtained by extending this
region to the whole 0◦ to 180◦ range. Figure 2(d) displays the
γINT vs KERINT plot for events inside the blue dashed rect-
angle by assuming the intermediate dications to be C2H3

2+.
It shows a typical uniform distribution which confirms the
assignment of events inside the blue dashed rectangle to
pathway B. The number of concerted events is evaluated by
subtracting pathway A and pathway B from the total count of
this channel. In this way, the branching ratios of concerted
fragmentation, pathways A and pathway B are determined
to be 64±10%, 30±7%, and 6±4%, respectively. The errors
are conservatively estimated by combined consideration of
standard derivation of the counts and the uncertainty arising
from the overlap between sequential and concerted processes.

B. H+ + CH2
+ + C2H+ channel

Figure 3 shows the Dalitz plots for the H+ + CH2
+ +

C2H+ channel. As displayed in Fig. 3(a), the Dalitz plot for
the H+ + CH2

+ + C2H+ channel shows a significant in-
tense region (marked by black rectangle) overlapping with an
oblique stripe. This intense region corresponds to the intense
islands located in the lower and upper panels in the Newton di-
agram shown in Fig. 4(a). They are attributed to the concerted
fragmentation process originating from the initial structure of
the neutral target.

Besides the intense region, an oblique stripe structure can
be observed, which is the typical feature of the sequential
fragmentation. Along the oblique stripe structure, when the
angle between the momenta of H+ and CH2

+ increases, the
angle between the momenta of H+ and C2H+ decreases,
indicating that the H+ is emitted independently in the first
step. This structure corresponds to the semicirclar structure
marked with black curve in Fig. 4(a), which comes into being
since the intermediate molecular ion is rotated for a while
rather than dissociating immediately. After the H+ is emitted
from the methyl group in the first step, the intermediate ion
C3H3

2+ dissociates into CH2
+ and C2H+ in the second step.

We denote such a process as pathway C:

C3H4
3+ → H+ + C3H3

2+, step 1,

C3H3
2+ → CH2

+ + C2H+, step 2. (C)

Figures 4(c)– 4(e) display the KE distributions of the three
ionic fragments with different filters. The black and red curves
correspond to the KE distributions of the black (mainly con-
certed fragmentation) and red (only pathway C) rectangles in
Fig. 3(a), respectively. The KE of H+ with two filters shows
similar distributions with little discrepancy. In the concerted
fragmentation process, H+ moves fast away from CH2

+ and
C2H+, while CH2

+ and C2H+ moves much slower than H+
because of the comparatively small mass of H+ compared
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FIG. 3. Experimental and theoretical Dalitz plot for the H+ + CH2
+ + C2H+ channel. (a) Dalitz plot. Black and red (gray) rectangles are

Dalitz filters used to deduce KE distributions of the fragments shown in Figs. 4(c)– 4(e). The black rectangle contains mixed contribution from
both concerted fragmentation and sequential pathway C, while the red rectangle only includes the contribution of pathway C. The inset shows
the chemical structure of CH3CCH and the bond cleavage leading to this channel. (b) Calculated momentum correlations of the three ionic
fragments as the function of Dalitz coordinates (X,Y ). The red, purple, and black arrows represent the momentum vectors of the H+, CH+

2 ,
and C2H+ ions, respectively.

to the other two fragments [43]. The similarity in the KE
distributions of protons reflects that in the concerted process
the movement of CH2

+ and C2H+ during emission of H+ is
negligible, and the Coulomb potential experienced by H+ is
almost the same as that from the intermediate C3H3

2+ in the
sequential pathway B. The KEs of CH2

+ and C2H+ depend
strongly on the Dalitz filters. The KE of CH2

+ increases as the
KE of C2H+ decreases. Such features support the assignment

FIG. 4. (a) Newton diagram normalized to the momentum of H+.
(b)–(d) KE distributions of H+, CH2

+, and C2H+ with the Dalitz
filters defined in Fig. 3(a). They are normalized to unity at the
maximum. (e) The γINT vs KERINT plot assuming C3H3

2+ as the
intermediate dication. The red dashed rectangle in this figure arises
exclusively from pathway C. The total count of pathway C is evalu-
ated according to the count inside this rectangle.

of pathway C, since the rotation of C3H3
2+ will modify the

KEs of the fragments produced in the second step.
Figure 4(b) exhibits the γINT vs KERINT plot for the H+

+ CH2
+ + C2H+ channel by assuming C3H3

2+ as the inter-
mediate dication. The most intense region with γINT around
100◦ includes the contributions of both the concerted process
and sequential pathway C, while the red dashed rectangle with
0 � γINT � 50◦ includes only the contribution of pathway C.
The count of pathway C is obtained by extending the count
inside the red dashed rectangle to the whole range of γINT.
Then the count of the concerted process is determined as the
total count of this channel minus the count of pathway C.
The branching ratios of concerted fragmentation and sequen-
tial pathway C are determined to be 52±10% and 48±10%,
respectively.

C. Comparison between propyne and allene

In this part, we compare the three-body fragmentation dy-
namics of the two isomers. Figure 5 displays the dissociation
pathways for CH3CCH3+ identified in the present work (left
panels) as well as for CH2CCH2

3+ presented in Ref. [35]
(right panels). These dissociation pathways are classified ac-
cording to whether the CC and CH bonds break from two
distinct C atoms of the skeleton (upper panels) or from the
same C atom (lower panels).

For the concerted fragmentation process, the mutual an-
gles between three fragments strongly correlate to where the
cleavage of CH and CC bonds occurred. If the CC and CH
bonds break from two different C atoms of the skeleton, an
intense region with the angle between the momentum vectors
of H+ and CH+ (or CH2

+) around 120◦ appears for both iso-
mers, as shown in the upper panels of Fig. 5. This is because
H+ and CH+ (or CH2

+) are emitted from different ends of
the C skeleton. Coulomb repulsions from the residual C2H2

+
(or C2H+) and between each other result in a larger mutual
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FIG. 5. Comparison between fragmentation of CH3CCH3+ (left panels) and CH2CCH2
3+ (right panels). Upper panels for the fragmentation

channels with CH and CC bonds cleavage from different C atoms, while lower panels for CH and CC bonds cleavage from the same C atom.
The data of CH2CCH2

3+ are from Ref. [35].

angle around 120◦. In contrast, this angle is 60◦ if the CC and
CH bonds from the same C atom break simultaneously and
H+ and CH+ (or CH2

+) are produced form the same end of
the C skeleton as displayed in the lower panels of Fig. 5.

In a sequential fragmentation process, the rotation period
of the intermediate dication is on the order of ∼picoseconds.
The survival time of the intermediate dication should be
longer than this value to make the sequential process visu-
alized as semicircles in the Newton diagram and the stripe
structure in the Dalitz plot. Thus the metastable state with a
lifetime longer than picoseconds may contribute to such se-
quential processes. Long-lived dications of C2H2

2+ [44–46],
C2H3

2+ [27,47], and C3H3
2+ [47] with lifetimes ranging from

∼100 ns to microseconds have been observed experimentally.
For example, the lifetime of the 3�g

− ground state of C2H2
2+

is measured to be 108 ns [44]. The observed sequential frag-
mentation pathways of both isomers probably arise from such
metastable states with lifetimes ranging from ∼100 ns to
microseconds.

The sequence of CC and CH breaking in the sequential
fragmentation process is also observed to be strongly corre-
lated with whether the CC and CH bonds break from two
distinct C atoms or from the same C atom. The sequential
pathway with CC bond breaking prior to CH breaking is only
observed in the case that the CC and CH bonds break from
two distinct C atoms, while it is absent when the two bonds
are broken from the same C atom.

In the case of the CH and CC bonds breaking from the
same C atom, the fragmentation sequence with CC breaking
prior to CH breaking is not observed for both isomers. For
CH3CCH3+, the CH3

2+ should be produced as the interme-
diate dication if such a fragmentation sequence can occur.
However, CH3

2+ does not have a signifciant lifetime [48],
and no long-lived CH3

2+ has been observed experimentally
[49,50]. This explains why the sequential pathway to the
H+ + CH2

+ + C2H+ channel with CC breaking in the
first step disappears in the fragmentation of CH3CCH3+. For
CH2CCH2

3+ , both the sequential pathway of three-body frag-
mentation through CH2

2+ as the intermediate dication and

the two-body dissociation channel CH2
2+ + C2H2

+ are not
observed in our measurement. This may indicate that disso-
ciation of CH2CCH2

3+ through CC breakage as the first step
is unlikely to occur. In addition, the CH2

2+ dication is very
stable since its potential minimum is deep and has a high
activation barrier which makes this dication against deproto-
nation dissociation [48,51]. Thus, even if the first step of CC
breakage occurrs, the CH breakage in CH2

2+ as the second
step will be blocked.

In general, the fragmentation mechanisms of both isomers
discussed above show similar dependence on the loca-
tion of the bond cleavage. Nevertheless, the cleavage of
CH and CC bonds with similar locations leads to different
fragmentation channels for different isomers. In the case of
CC and CH bonds breaking simultaneously from different C
atoms, the fragmentation channel is H+ + CH+ + C2H2

+ for
CH3CCH, while it is H+ + CH2

+ + C2H+ for CH2CCH2.
Once the CC and CH bonds break from the same C atom, the
fragmentation channel is H+ + CH2

+ + C2H+ for CH3CCH,
but H+ + CH+ + C2H2

+ channel for CH2CCH2. Such dif-
ferences between the two isomers are mainly determined by
the CH cleavage occurring in the methyl group (CH3) or the
methylene group (CH2).

IV. CONCLUSION

The dynamics of three-body fragmentation of CH3CCH3+
to H+ + CH+ + C2H2

+ and H+ + CH2
+ + C2H+ is in-

vestigated by 50-keV/u Ne8+. It is found that the concerted
fragmentation with CC and CH bonds breaking simultane-
ously as well as the sequential fragmentation pathways with
CH bond breaking prior to CC bond breaking contributes
significantly to both channels. Instead, the sequential pathway
with CC bond breaking in the first step followed by CH
bond breaking is only observed for the H+ + CH+ + C2H2

+
channel. Branching ratios of different fragmentation mecha-
nisms are estimated for each channel.

We compared the present results with the results of
CH2CCH2

3+. The specific location of CH and CC bonds’
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cleavage causes similar fragmentation mechanisms for both
isomers, but results in different fragmentation channels for
different isomers. In the case of CH and CC bonds breaking
from distinct C atoms and the two lighter fragments emitting
from different ends of the C skeleton, the concerted fragmen-
tation leads to the mutual angle around 120◦ between the two
lighter fragments. This angle is around 60◦ when the CH and
CC bonds break from the same C atom and the two lighter
fragments are emitted from the same end of the C skeleton.
In addition, the sequential fragmentation pathway with CC
breaking prior to CH is only observed in the case that the two
bonds are breaking from different C atoms for both isomers,

while the fragmentation sequence with CH breaking prior to
CC is observed in both cases.
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