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I. Introduction
Since the discovery of molecular motion by Ingenhou sz and Brown, movement of molecules is a known 
and fascinating topic that is observed in several e xperiments throughout the disciplines of chemistry 
and physics. Here we report on a novel method in Fo urier-Transform-Ion-Cyclotron-Mass-Spectrometry 
(FT-ICR-MS) that allows the monitoring of inter mol ecular movements in the high diluted gas-phase. 
With this technique it is possible to study the inte rmolecular movement of one crown ether on the 
surface of a large dendritic molecule. At the same t ime this method yields several insights in the 
mechanism of the movement and isotope exchange. As our novel method is used to describe an 
intermolecular motion through the high diluted phas e of vacuum, we refer to it as the “molecular 
spacewalk”.

III. Theory Of H/D-Exchange: 
The Experimental Setup

II. The Idea Behind The Spacewalk

IV. Mass Spectra Of The Spacewalk - Mechanistic Insi ghts

The ammonium sites of a protonated POPAM Dendrimer ca n be easily complexed by 18-crown-6 ethers. 

While the acidic protons of all free ammonium and am ine sites are easily exchangeable for deuterons, 
the protons that are protected by the crown-ethers cannot undergo an isotope exchange reaction. 

A full exchange of all acidic protons for deuterons  therefore is observed, only if the crown-ether move s 
from one charge site to another during the course o f the experiment. An equilibrium between 
dissociation of the complex and a re-association as  it would occur in solution is not possible, as the se 
complexes are isolated in the high vacuum of the ma ss spectrometer. 

In our experiments we use an Ionspec QFT 7 FT-ICR ma ss spectrometer equipped with a 7 
Tesla superconducting magnet. In order to perform o ur isotope exchange experiments, we 
re-programmed the Q3 collision cell so it acted as an ion trap. We then were able to introduce 
MeOD vapor into this cell with the help of a time-con trollable solenoid pulse valve. The 
scheme below shows the programming sequence. 

Reference: [1] S. Maleknia, J. Brodbelt, J. Am. Chem. Soc. 1993, 115, 2837-2843; [2] S.-W. Lee, H.-N. Lee, H. S. Kim, J. L. Beauchamp, J. Am. Chem. Soc. 1998, 120, 5800-5805; 
[3] R. R. Julian, J. L. Beauchamp, J. Am. Soc. Mass. Spectrom. 2002, 13, 493-498; [4] R. R. Julian, J. L. Beauchamp, Int. J. Mass Spectrom. 2003, 228, 851-864.

It can be easily shown that POPAM dendrimers of diff erent sizes are an 
ideal system for the study of H/D-exchange reaction s. The isotope 
exchange speed is fast, hence the “molecular spacew alk” is observed on 
a convenient time-scale.

Note that there is a distinct 
time difference between ion 
accumulation and the 
beginning of the deuteration
experiment.

This is of the essence to the 
“spacewalk” experiments 
because it prevents the 
mixture of already isotope-
exchanged POPAMs with 
undeuterated “all-H-
POPAMS”. 

With this setup, we are able 
to exchange protons for 
deuterons very effectively 
and within milliseconds.

Mass Spectra of the Spacewalk of 18-crown-6 on the surface of a 
POPAM G3 dendrimer (above) and on a G4 dendrimer (bel ow)
Note that different charge states as well as comple xation states can be 
monitored simultaneously.

The investigation of a doubly charged, singly 
complexed POPAM G1 dendrimer shows, that all 
acidic protons are exchanged for deuterons. 
Therefore it is clear, that the attached crown 
ether has moved in the course of the experiment. 

The comparison of two differently charged POPAM G2 
dendrimers gives insight into the mechanism of the 
isotope exchange reaction. Given n ist the number of  
complexed crown ethers and z is the number of charge s 
on the molecule, one can observe two different aspe cts: 

While a quick exchange of all protons is monitored i n 
the n < z case, only a very slow exchange is observ ed in 
the n = z case. 

Further experiments with the model compound 1,12-
Diaminododecan complexed by a crown ether yield 
insights into the movement of the crown ether. 
The crown ether moves from one ammonium ion to a 
free amine, accompanied by the proton. Therefore 
creating a new ammonium ion while leaving a free 
amine.

In this study, we used POPAM 
Dendrimers of various 
generations. The “molecular 
Spacewalk” was observed on 
all generations from G1 up to 
G5. 
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