
Measured	charge	state	distribution	is	dependent	on:	

•  chemical	and	structural	properties	of	the	diamines	
-  number	of	possible	charge	states	
-  length	and	flexibility	of	the	chain	between	protonated	sites	
-  interaction/clustering	potential	with	present	solvents	
-  tendency	to	dimerization		

•  properties	and	amount	of	solvent	molecules	
-  intermolecular	interaction	properties	(e.g.	via	hydrogen	bond	networks)		
-  ratio	between	analyte	and	solvent	molecule	concentrations	

•  ion	transfer	conditions	

Calculated	thermochemistry	of	proton	transfer	reaction	(charge	depletion):	
	

•  proton	transfer	becomes	more	 	 		
						favorable	with	growing	solvent		
						cluster	size	n	
•  ΔG	decreases	continously	with	n		
•  MeOH	is	able	to	build	large	enough		
						clusters	(MeOH)nH+,	ACN	is	not	
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Literature Summary / Outlook 
MS: 	micrOTOF	(Bruker	Daltonics,	Bremen,	Germany)	
Ion	Source: 	custom	nano	Electrospray	Ionization	(nESI)	Source	[2];	
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All	gas	flows	are	controlled	by	mass	flow	controllers	(MKS	Instruments,	
Germany)	

Chemicals: 	all	chemicals	were	purchased	from	Sigma	Aldrich,	Germany,	and	used	without	
further	purification		

Financial	support	is	gratefully	acknowledged:	
§  Bruker	Daltonics,	Bremen,	Germany	
§  iGenTraX	UG,	Haan,	Germany	
§  ZGS	Bergische	Universität	Wuppertal	

•  observed	shifts	of	charge	state	and	ionic	species	distributions,	respectively,	are	rationalized	by	charge	depletion/charge	conservation	
processes	

•  ion-solvent	interactions	are	governing	factors	on	the	travel	from	ion	solvation	to	the	ion	transfer	stages	
•  experimental	and	computational	results	are	in	good	agreement	regarding	the	interactions	between	amines	and	MeOH	or	ACN	
•  further	experimental	and	computational	investigations	with	different	analytes	and	solvents	are	planned	

 

Motivation	

•  no	comprehensive	model	exists	for	the	electrospray	ionization	mechanism	
•  experimental	observations	which	are	not	sufficiently	explained	by	current	models	
•  on	the	molecular	level,	the	term	“supercharging”	is	misleading	
	
	
	
	
Approach	
	
•  ion-solvent	interactions	are	present	in	every	step	of	the	ESI-	ion	transfer	process	
•  cluster	chemistry	is	crucial	from	the	primary	ion	formation	to	the	detected	signals	
•  rationalize	the	present	results	in	a	charge	depletion/charge	conservation	model	[1]	

Experimental	and	computational	implementations	
	
•  primary	amines	as	model	systems	for	amino	acids	and	proteins	
•  exploring	molecules	with	different	intermolecular	interaction	properties		
•  modifying	the	experimental	conditions	in	a	controlled	sequential	manner	
•  investigating	the	effects	on	the	obeserved	charge	state	and	signal	distribution	
•  calculating	the	energetics	of	proton	transfer	reactions	

Observed Species 

solvation	 spraying	 evaporation	 transfer	

•  significant	trend	regarding	the	doubly	protonated	species	[M(ACN)nH2]2+	in	the	
homologous	series	

•  diethylentriamine	shows	analogies	to	diaminopentane	
•  singly	protonted	MeOH	cluster	species	only	with	diaminobenzene	
•  no	doubly	protonated	signals	with	diaminobenzene	
•  doubly	protonated	cluster	with	MeOH	only	with	diaminooctane	and	diaminononane	

[M(ACN)nH2]2+	

left:	The	terminal	diamines	show	
specific	cluster	distributions	of	
the	doubly	protonated	species	
[M(ACN)nH2]2+.	The	averaged	
clustersize	<n>	is	dependent	on	
the	ACN	gas	phase	mixing	ratio.	
Addition	of	ACN	amplifies	the	
mean	as	well	as		the	maximum	
value	for	n.	

top	and	right:	The	mean	clustersize	<n>	is	
dependent	on	the	chain	length	between	
the	protonated	amine	groups.	The	
shorter	the	C-chain	the	more	ACN	
molecules	interact	with	the	diamine.	
Note	the	exception	diaminobenzene.	

left:	The	conditions	of	the	
nanoESI	solution	influence	the	
mean	clustersize	<n>.	Using	
MeOH/H2O	instead	of	ACN/H2O	
as	spraying	solution	results	in	a	
higer	clustersize.	Likewise,	a	
reduced	analyte	concentration	
promotes	the	value	for	<n>.	
Latter	is	explained	by	a	
decreased		ion-solvent-ratio.	

with	2.4	%	ACN	

Charge Depletion vs. Charge Conservation 
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n ΔG [kJ/mol] MeOH ΔG [kJ/mol] ACN 
1 195.1 190.6 
2 118.2 136.8 
3 62 157.5 
4 51.1 - 

Charge State Distribution 

left:	The	value	of	the	charge	state	
ratio	r	indicates	the	fraction	of	singly	
protonated	signals	in	the	sum	of	all	
observed	species	signals.	

Charge	depletion	(with	MeOH)	
results	in	elevated	ratios	while	
charge	conservation	(with	ACN)	leads	
to	depleted	charge	state	ratios.	

Calculated	ΔG	values	of	the	reaction	(M=methylamine):	
[M(solvent)nH]+	->	M	+	(solvent)nH+			

singly	protonated	 doubly	protonated	
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Impact of Transfer Stage Settings  
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Comparison	between	diaminononane	experimentss		
without	and	with	2.4	%	ACN	gas	phase	addition	

•  no	signal	dependence	on	ΔU		
between	stage	0	and	1	

•  simultanous	signal	depletion	for	
cluster	ions	in	stage	2	

•  “rougher”	transfer	settings	result	
in	declustering/fragmentation	

•  increase	of	the	molecular	ion	
signal	[MH]+	


