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Motivation
ØGoal:	Use	Coulomb	Explosion	Simulation	to	model	the	repulsion	
of	ionized	fragments	of	a	molecule.

ØWould	like	to	see	if	Coulomb	Explosion	Imaging	can	distinguish	
molecular	isomers.	

ØThe	molecule	of	interest	is	cis-,trans-dichloroethene

ØThis	model	is	used	to	find	the	kinetic	energies	of	the	ionic	
fragments	for	a	given	channel
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Experiment	and	Setup
ØSupersonic	Jet	of	C2H2Cl2 molecules	is	directed	
into	the	beam	path	to	be	photo-ionized.

ØThe	molecules	are	photo-ionized	by	790nm,	25	
fs	near-infrared	laser	pulses

ØThe	resulting	fragments	are	then	directed	by	
the	E-field	to	the	ion	detector	to	measured	by	
coincident	ion	momentum	imaging.
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Intensity:	4.25x1014 W/cm2



Experiment	and	Setup
ØThe	detector	can	
measure	the	Time	of	
Flight	(TOF)	of	each	ion.

Ø𝑇𝑂𝐹 ∝ %&''
()&*+,

�
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Experiment	and	Setup
ØThe	detector	also	measures	
photo-ions	that	are	in	
coincidence	(PIPICO).

Ø The	diagonal	stripes	in	
PIPICO	spectrum	is	due	to	
conversation	of	pzmomenta
of	corresponding	coincident	
ions.
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Coulomb	Explosion	Simulation
ØThe	fragment	paths	are	calculated	using	the	8th order	Runge-Kutta
numerical	method.
ØThe	initial	conditions	for	the	molecule	is	calculated	by	using	Avogadro	
to	find	the	equilibrium	geometry	for	the	different	breakup	channels.	
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Coulomb	Explosion	Simulation
ØFor	the	C2H2

+ +	Cl+ +	Cl+	channel	the	following	system	was	solved:
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Ø8th Order	Runge-Kutta gives	higher	
precision	than	other	commonly	used	
methods	like	the	4th Order	Runge-
Kutta method.
ØA	similar,	more	simple	set	of	
equations	is	used	to	calculate	2	Body	
Breakups.



Coulomb	Explosion	Simulation
ØAfter	solving	a	similar	system
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Results
ØThe	Coulomb	Explosion	simulation	works	well	for	both	the	cis- and	
trans- parent	molecule.
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Results:	2	Body	- C2H2Cl+ +	Cl+
ØFor	cis-C2H2Cl2

ØThe	initial	geometry	calculated	by	Avogadro
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Results:	2	Body	- C2H2Cl+ +	Cl+
ØFor	cis-C2H2Cl2
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C2H2Cl+ Cl+ Total	KER

Experimental
Energy

2.3618eV 1.4028eV 3.7185eV

Simulated	
Energy

2.7979eV 1.6053eV 4.4032eV



Results:	2	Body	- C2H2Cl+ +	Cl+
ØFor	trans-C2H2Cl2

ØThe	initial	geometry	calculated	by	Avogadro
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D	=	3.251AD	=	3.466A



Results:	2	Body	- C2H2Cl+ +	Cl+
ØFor	trans-C2H2Cl2
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C2H2Cl+ Cl+ Total	KER

Experimental
Energy

2.2613eV 1.3026eV 3.5678eV

Simulated	
Energy

2.6198eV 1.5032eV 4.1230eV



Results:	3	Body	- C2H2
+ +	Cl+ +	Cl+

ØFor	cis-C2H2Cl2

ØThe	initial	geometry	calculated	by	Avogadro
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Results:	3	Body	- C2H2
+ +	Cl+ +	Cl+

ØFor	cis-C2H2Cl2
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C2H2
+ Cl+ Cl+ Total	KER

Experimental
Energy

7.012eV 5.113eV 5.063eV 15.000eV

Simulated	
Energy

7.147eV 5.154eV 5.154eV 17.455eV



Results:	3	Body	- C2H2
+ +	Cl+ +	Cl+

ØFor	trans-C2H2Cl2

ØThe	initial	geometry	calculated	by	Avogadro
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Results:	3	Body	- C2H2
+ +	Cl+ +	Cl+

ØFor	trans-C2H2Cl2
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C2H2
+ Cl+ Cl+ Total	KER

Experimental
Energy

0.301eV 7.368eV 6.967eV 14.899eV

Simulated*	
Energy

0eV 8.312eV 8.312eV 16.624eV

*This	is	assuming	the	bond	angle	is	exactly	180°



Conclusion
ØCoulomb	Explosion	Imaging	is	a	useful	technique	to	distinguish	molecular	isomers.

ØNumerical	Coulomb	Explosion	simulations	agree	well	with	the	measured	kinetic	
energies.	

ØBecause	the	simulation	uses	an	instantaneous	pulse,	it	gives	an	upper	bound	to	
the	energy	released	from	the	Coulomb	Explosion	

ØThere	is	a	clear	difference	in	the	energies	for	cis- and	trans-dichloroethene and	
this	method	can	easily	differentiate	between	them.	
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What’s	Next
ØUse	this	simulation	to	investigate	other	break	up	channels.

ØImprove	approximation	method	for	initial	condition	of	the	molecules.

ØIntegrate	pulse	width	into	the	simulation.

ØExpand	Coulomb	Explosion	simulation	to	work	for	4	Body	Break	ups.
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Thank	you!
QUESTIONS?
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Experiment	and	Setup
ØThis	channel	denotes	
that	there	is	dissociation	
of	the	parent	molecule.
ØCoincident	pairs	will	
only	occur	after	a	
Coulomb	Explosion	
event.
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