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Abstract. Coordination-driven self-assembly
(CDSA) is increasingly used to synthesize coor-
dination complexes containing metal-centered
electron acceptors and typically nitrogen-
containing electron donors. Characterization of
the structures obtained from CDSA via crystallo-
graphic or spectroscopic means is limited due to
difficulties in forming single crystals for X-ray
studies and overlapping precursor and product
signals in NMR. Here, we employ ion mobility-

mass spectrometry (IM-MS), which provides a direct measure of size and shape of the CDSA complexes, to
study the intact reaction products of a rhomboid-shaped complex. This approach negates the need for product
isolation and crystallization and allows for tracking of the product distribution as a function of time. A potential
challenge of IM-MS is that the size/shape of the observed CDSA complexes can vary with internal energy;
however, we show that proper tuning of the instrument reduces the effects of collisional activation thereby
allowing for retention of ion conformations that reflect solution-phase ion structures.
Keywords: Ion mobility-mass spectrometry, Coordination-driven self-assembly, Supramolecular coordination
complex

Received: 17 December 2018/Revised: 30 May 2019/Accepted: 21 June 2019/Published Online: 17 July 2019

Introduction

Self-assembly (SA) allows the spontaneous formation of
ordered systems at all scales from the organization of

weather systems to the formation of molecular crystals [1]. A
subclass of SA reactions includes coordination-driven self-
assembly (CDSA) reactions which form highly selective com-
plexes through the coordination of nitrogen-containing donor
ligands and metal-containing acceptor ligands [2]. Pioneering
work from Lehn [3–5], Stang [6–9], Fujita [10–12],
Wesdemiotis [13–15], and others has driven the design, syn-
thesis, and characterization of a variety of CDSA reaction

products. CDSA reaction products have been designed for
use as catalysts, chemical sensors, drug transporters, and
theranostic agents with recent success [7, 9, 16–20]. However,
their characterization is complicated by overlapping signals of
precursor and product signals in NMR spectroscopic measure-
ments, and CDSA products can be difficult to crystallize due to
intrinsic physicochemical properties, such as void space. Ad-
ditionally, their weak coordinating bonding networks are in-
trinsically dynamic in structure, and thus greatly benefit from
characterization techniques that can measure condensed-phase
structures or conformers [1].

Mass spectrometry (MS) and ion mobility-mass spectrom-
etry (IM-MS) have been used to characterize intact supramo-
lecular ions with the measured masses and gas-phase con-
formers related back to solution chemistry and crystal struc-
tures [21–23]. The high mass resolution afforded by modern
mass spectrometers provides accurate determination of elemen-
tal composition from nominal masses and correlation of
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complex isotopic distributions to the identity and number of
metal centers in organometallic ions [24]. Specifically, IM
provides an orthogonal separation of gas-phase ions based on
their size-to-charge ratio and allows for determination of ion-
neutral collision cross sections (CCS) from which conforma-
tional or structural information can be interpreted [25, 26]. Drift
tube–based IM instruments separate ions based on size-to-
charge ratio as they are transported by an electrostatic field
filled with a buffer gas (typically helium or nitrogen). The
traveling wave-based IM instrumentation uses a set of stacked
ring ion guides to superimpose a traveling wave over the
radiofrequency ion guide, wherein small ions travel with the
wave and larger ions roll over the wave. Additionally, IM can
separate isobaric ions which have overlapping m/z signals, yet
different elemental compositions. Due to the high rotational
symmetry of many CDSA product ions, the gas-phase dissoci-
ation of intact complexes will often produce isobaric ions as
both the mass and charge of the ions are reduced by the same
factor.

Wesdemiotis and coworkers used traveling wave IM-MS to
separate and identify isobaric reaction and dissociative product
ions of several metallated terpyridine macrocyclic complexes
and have identified cyclic and linear gas-phase conformers
[13–15]. Brocker et al. demonstrated that supramolecular
square, triangle, and triangular prism structures can be charac-
terized by IM-MS with their CCS agreeing well-reported crys-
tal structures; however, their mass spectra contain a host of
identified fragment ions [27]. While these results are promis-
ing, the reported MS shows a host of fragments and multiple
charge states, and there is limited discussion on the effects of
improper instrument tuning on the observed IM-MS spectra.

While IM-MS has demonstrated ability to observe gas-
phase conformers of a range of biomolecular ions (e.g., pep-
tides, proteins, protein complexes), recent literature suggests
that the sampling conditions (i.e., instrument tune settings) can
greatly affect the sampled conformation space [28–31]. Here,
we show that by properly tuning an IM-MS instrument, intact
ions having low internal energies and minimal anion binding
can be observed by IM-MS in high relative abundances. Ad-
ditionally, collision-induced dissociation (CID) of the observed
intact product ions reveals the topology of the rhomboid prod-
ucts and suggests that anionic adducts provide for Coulombic
stabilization of self-assembly products in the gas phase.

Methods
Sample Preparation

The Pt-based precursor 1 and pyridine-based precursor 2 (1,3-
bis(pyridin-4-ylethynyl)benzene) were dissolved separately in
HPLC-grade acetone (EMD Chemicals, NJ, USA) and mixed
to a final product concentration of ~ 50 μM prior to being
loaded into borosilicate capillary tips (~ 20-μm O.D.). A plat-
inum wire was placed in contact with the solution inside the
glass capillary to facilitate electrospray.

Ion Mobility-Mass Spectrometry

The Waters Synapt G2 (Manchester, UK) was operated in the
positive mode as a nESI-Q-TWIMS-TOF and has been de-
scribed in detail elsewhere [32]. Briefly, after nanoelectrospray
ionization (nESI), the ions generated can be mass selected in
the quadrupole (Q), collisionally activated in the trap region
prior to mobility separation, separated in the traveling wave ion
mobility (TWIM) cell, and finally analyzed with a time-of-
flight (TOF) mass analyzer. The IMS operates with three
regions: trap, IMS, and transfer with a helium cell located
between the trap and IMS regions. For pre-IMS CID experi-
ments, ions are mass selected in the Q and collisionally acti-
vated in the trap region. Capillary voltages were set to ~ 1.3 kV.
For instrument tuning and CID experiments, traveling wave
height was set to 10 V, wave velocity was set to 200 m/s, and
IM nitrogen flow rate was set to 50 mL/min. Additional pa-
rameter values are included in the Supplemental Information.

Following instrument tuning methods similar to those pub-
lished on ubiquitin and metallothionein for reducing the effec-
tive temperature of ions [28], a tuning grid was developed to
study the effects of instrument tuning on the observed MS
(Figure S1). Select MS spectra are shown in Figure 2. Addi-
tionally, observed fragmentation pathways for the rhomboid
and nitrate-adducted rhomboid ions are shown in Scheme 2 to
label the identified ions. After tuning optimization, CID exper-
iments were performed on the nitrate-free (3) and nitrate-
adducted (7) rhomboid ions by mass selecting them in the
quadrupole and increasing the collision voltage (CV) in the
trap region up to a maximum of 40 V. The MS results of these
CID experiments are presented in Figure S5.

Due to the non-uniform electric field applied along the
mobility device, external calibrant ions are required to convert
an experimental traveling wave-based ATD to a rotationally
averaged CCS. While CCS calibrants have been developed for
proteins and polymers [33–35], none have been developed for
the ions studied herein. Therefore, IM ATDs were not convert-
ed to CCSs.

Data Processing and Relative Abundance
Determination

IM-MS data were processed using MassLynx 4.1 (Waters
Corporation, Manchester, UK). Gaussian peak fitting of select
IM spectra was performed using Origin 8 (OriginLab Corpo-
ration, Northampton, MA). Theoretical MS isotope distribu-
tions were calculated with ChemCalc [36]. Comparisons of
experimental and theoretical isotopic distributions are included
in the Supplemental Information (Figure S6).

Determination of relative ion abundances was performed
using the IM data rather than the MS data. Relative IM abun-
dances (RAIM) were calculated as the ratio of the Gaussian
peak fit area of identified ions to the total integrated area of the
IM spectra. For example, an RAIM of 50% would indicate that
half of the total ion signal is found under the Gaussian fit of an
identified ion. These steps are necessary due to the overlapping
signals in the mass spectra of the full (3) and half-rhomboid (4)
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ions. In this way, the relative abundances of isobaric ions can
be quantified for the processing of CID data. A visual expla-
nation of the RAIM determination is provided in the Supple-
mentary Material (Figure S2).

Results
Supramolecular Rhomboid Product Ions

The combination of the 60° bite angle between the square
planar Pt(II) acceptors of precursor 1 and the 120° difference
between the pyridine donor ligands of precursor 2 (see Scheme
1) yields the CDSA of a molecular ion with a rhomboidal
supramolecular shape and an overall charge of 4+ (ion 3, m/z
689) from loss of four nitrate anions (two from each precursor
1). Lower charge ions are formed from adduction of counter-
ions in solution, as is observed with the nitrate-adducted rhom-
boid ion, with an overall charge of 3+ (ion 7, m/z 940). For
clarity, ions resulting from gas-phase dissociation or fragmen-
tation are identified in Scheme 2.

Reduction of Ion Internal Energies

To observe intact, solution-phase ion structures in the gas phase
by IM-MS, the internal energy of the ions must remain below
their respective dissociation thresholds. Default instrument
tuning parameters promote high transmission of ions; however,
these instrument conditions result in ions identified as products
of dissociation and fragmentation of intact ions formed in
solution. The ion with the highest relative abundance under

these default conditions is identified as the nitrate-free analogue
to the bis-Pt(II) precursor ion, 5 (m/z 549) (Figure 1A). Effects
of in-source activation and dissociation are mitigated by reduc-
tion of source potentials including the source and extraction
cones (Figure 1B) where the relative abundance of the nitrate-
free rhomboid 3 as well as the half-rhomboid 4 is observed in
higher relative abundance. Finally, progressive tuning was
completed by reduction of the trap bias potentials, increasing
the flow to the pre-IM helium cell, and reducing the nitrogen
flow to the IM cell (Figure 1C). The finalized instrument
parameters were selected to promote transmission of the intact
nitrate-free and nitrate-adducted rhomboid ions (3 and 7, re-
spectively) as the most abundant ions. A larger grid of instru-
ment tuning parameters is available in the Supporting Informa-
tion (Figure S1).

One of the problems with mass spectral characterization of
many coordination-driven self-assembly products is the high
degree of rotational symmetry of the reaction products. As a
result, collisional activation of intact ions can lead to loss of
mass and charge such that the m/z values of the precursor and
product ions are the same. IM is implemented as an orthogonal
separation tool for these isobaric ions, where the conformation-
al heterogeneity of all ions can be observed, and the relative
abundances of isobaric ions can be determined.

Secondary tuning of the IM separation conditions was per-
formed by changing the traveling wave height and wave ve-
locity while maintaining constant drift times of the rhomboid
ion, 3 (m/z 689) (Supplemental Figure S3). Others have noted
that increasing wave height leads to narrowing of IM peak
widths and increasing wave velocity leads to widening of
mobility peak widths [37]. Tomaintain constant ion drift times,
both the wave heights and velocities must increase (or de-
crease). As a result, the observed changes in peak widths are
minimal as relative increase and decrease in peak widths effec-
tively cancel each other.

Collision-Induced Dissociation of Intact Complexes

Collision-induced dissociation (CID) of the observed rhom-
boid complexes (nitrate-free rhomboid, 3, and nitrate-
adducted rhomboid, 7) was performed to confirm topology of
the reaction products. CID was accomplished through mass
selection of the precursor ions of interest, collisional activation
in the pre-IM trap region with increasing collision voltages
(CV), separation in the TWIMS cell, then mass analysis of
observed dissociative or fragmentation products in the TOF.
Relative abundances of the identified products were deter-
mined using the previously described methods and are shown
in Figure 2A, B and dissociation pathways are presented in
Scheme 2. Example mass spectra for low and moderate colli-
sion voltages are presented in Figure 2C, D for the nitrate-free
rhomboid 3 and nitrate-adducted rhomboid 7, respectively.

CID of the nitrate-free rhomboid 3 reveals three sequential
dissociation steps (Figure 2A). First, the intact rhomboid 3
dissociates to the isobaric half-rhomboid 4 with a maximum
relative abundance observed at a CV of 10 V. Next, the half-

Scheme 1. Solution mixing of precursors 1 and 2 in acetone
solutions at room temperature results in the formation of the
charged rhomboid ion 3 with four nitrate counterions
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rhomboid 4 loses its bis-pyridine ligand 2 to form the denitrated
Pt-precursor ion 5 with a maximum relative abundance ob-
served at 20 V. The final step involves fragmentation of the Pt-
precursor ion 5 to form ion 6 with an undetermined structure,
but with a mass and isotope pattern corresponding to [5 – 2 Pt –
3 PEt3 + H]+.

CID of the nitrate-adducted rhomboid 7 reveals four sequen-
tial dissociation steps (Figure 2B). The first two dissociative
products are observed at 15 CV. These two products are
identified: 8 is formed from the loss of [5 + NO3

−]+ and the
half-rhomboid 4 is formed from the loss of a nitrate-adducted
half-rhomboid ion. The half-rhomboid 4 can also result from
the loss of one of its bis-pyridine ligand 2 from the ob-
served ion 8. Continued dissociation and fragmentation of
the half-rhomboid ion 4 then follows a similar pattern as
observed with the half-rhomboid 4 from the dissociation of
the nitrate-free rhomboid 3, wherein ion 4 loses its bis-
pyridine ligand 2 to form a nitrate-free precursor ion 5
before fragmenting to ion 3.

Survival Yield Comparisons

From the plots of the relative abundance of the CID precursor
ions (either 3 or 7) as a function of collision voltage (Figure 2),
it is apparent that the nitrate-adducted rhomboid 7 survives
until significantly higher collision voltage compared with the

nitrate-free rhomboid 3. Converting collision voltages to
laboratory-frame collision energies (Elab) can normalize for
the relative collision energies of different charge states at the
same collision voltages, since at the same collision voltage, an
ion with higher charge will experience a greater acceleration
(larger collision forces) into the collision cell than an ion with
lower charge. Even when normalizing for effects of different
ion charges in the collision cell, it is still apparent that the
nitrate-free rhomboid 3 ions are more fragile than the nitrate-
adducted rhomboid 7 ions. This result is likely due to the
greater destabilizing Coulombic repulsion of ions with higher
charge, wherein the charge reduction associated with nitrate
adduction results in more stable gas-phase ions.

The survival yield (SY) abundances of the CID precursor
ions were then plotted as a function of Elab of the CID
precursor ions (Figure 3) to normalize for collision energy
as ions with higher charge will experience greater accelera-
tion in the collision cell. After fitting the SY data to sigmoi-
dal curves, the inflection points were used to determine CE50

values for each precursor ion where half of the initial relative
abundance is observed. Fitting of these data reveals CE50

values of 32.0 eV for the nitrate-free rhomboid 3 ion and
40.4 eV for the nitrate-adducted rhomboid 7 ion. While this
manipulation is used as an attempt to mitigate the effects of
different charge states when exposed to similar collision
potentials, the difference in these energies is likely a result

(a) (b)

Scheme 2. General structures,m/z, and charge state (z) of ions identified in the mass spectra resulting from CID of (a) the nitrate-
free rhomboid 3 and (b) the nitrate-adducted rhomboid 7
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of increased Coulombic repulsion effects, wherein the ion
with more charge sites may be driven to dissociate at lower
energies. Overall, these data suggest an increase in gas-
phase stability with the addition of the nitrate anion.

Discussion
The utility of IM-MS as a reaction product characterization
technique is dependent on its ability to preserve intact,
solution-phase reaction products through separation and detec-
tion in the gas phase. Through proper tuning of the TWIMS-
MS instrument, we show that intact, high-charge complexes
can be ionized and transmitted through the instrument in high
relative abundances. For the first time, counterion-free CDSA
reaction product ions are observed from the mixture of precur-
sors without prior isolation of reaction product complexes.
Observed CDSA ion charge states are dependent primarily on
the number of metal centers and anion adducts, such that
reduction in observed nitrate adducts leads to increase in ion
charge and consequently an increase in repulsive Coulombic
forces. Therefore, high-charge complexes require careful in-
strument tuning to observe intact ions with internal energies
below their respective dissociation thresholds.

The specific utility of IM herein is two-fold. First, IM is
used as a separation tool for the isobaric nitrate-free full rhom-
boid 3 and the half-rhomboid 4 ions. These ions are separated
using IM such that their relative abundances can be determined
from the observedmobility spectra. Second, the IM distribution
of each identified ion can be fit to single Gaussian peaks with
high coefficients of determination (R2 > 0.995 for all fits).
Therefore, all identified ions adopt singular conformers in the
gas phase, or other conformers are indistinguishable at the
given IM resolution. Unlike what has been observed with
triangular CDSA complexes having a similar coordination
motif [27], multiple conformers (i.e., open and closed) of these
rhomboidal ions were not observed at either charge state.

After tuning, mass selection and collisional activation (i.e.,
CID) of the observed nitrate-free and nitrate-adducted rhom-
boid ions (3 and 7, respectively) confirm the topologies of the
ions. The sequential losses observed and highlighted in Scheme
2 and Figure 2 show that the dissociation pathways of the two
rhomboid ions to the half-rhomboid ion 4 are different. The
nitrate-free rhomboid 3 dissociates in half to form the half-
rhomboid at relatively low collision energies, while the nitrate-
adducted rhomboid 7 appears to lose its nitrate adduct in its first
dissociative loss either as a nitrate-adducted analogue of the
fragment 5 (i.e., [5 + NO3]

+) to form 8 or a nitrate-adducted

(a) (d)

(e)

(f)(c)

(b)

Figure 1. The effects of instrument tuning on the observedmass spectra are revealed. (a) Dissociation products dominate themass
spectrumunder default tuning conditions. (b) Reduction of the source and extraction cone potentials reveals some intact rhomboid 4
in low relative abundance. (c) Reduction of the trap bias voltage, increasing the helium cell flow, and decreasing the IM nitrogen flow
rates show the rhomboid ions 3 and 7with the largest relative abundances. (d–f) Expansion of the mass spectrum aroundm/z 690 of
a–c, respectively, reveals the isobaric mass spectrum of the half-rhomboid ions (4, z = 2) and intact rhomboid ions (3, z = 4) with
isotopic spacings of 0.5 and 0.25 amu, respectively
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analogue of the half-rhomboid ion 4 (i.e., [4 + NO3]
+) to form

4. Because the appearance energies of these two observed
dissociative products are the same (15 V), it appears that these
ions are both formed from the nitrate-adducted rhomboid 9 at
lower collision energies and at higher collision energies, the
half-rhomboid ion 4 may be formed from the loss of one bis-
pyridine ligand 2 from ion 8. Additionally, the IM drift times
do not change as a function of collision voltage, and each ion
can be fit to single Gaussian distributions throughout the CID
experiment (see Figure 4); therefore, ions are observed to
dissociate rather than rearrange or unfold in the gas phase.

Overall, these dissociation results suggest that the nitrate ad-
duct is coordinated to one of the Pt centers of the rhomboid
complex and may disrupt closure of the rhomboid ring. Without
experimentally determined CCS and crystallographic structures of
these ions, these conjectures cannot be definitively confirmed.
Calibration of CCS on the traveling wave-based IM separations
requires calibrants with similar interaction potentials to the buffer
gas and the ions studied herein and which have not been previ-
ously established. While other calibrant systems are available,
they have been primarily designed and tested for CCS determina-
tion of peptide [38] and protein ions [33, 39].

With proper CCS calibrants and MD simulations of candi-
date structures, it may be possible to determine the overall
structure of the nitrate-adducted rhomboid, although the CCS
difference between open and closed rhomboid conformers may
be minimal and require significantly greater IM resolving power
to separate than is commercially available. While MD simula-
tions of other CDSA reaction products postulate that bulkier
counterions, like triflate or hexafluorophosphate, can bind to the
central void of larger supramolecular complexes and coordinate

to metal centers [27], our results suggest that when nitrate is
present, it is tightly bound to one of the Pt coordination sites.

Currently, commercial drift tube–based IM instrumentation
(e.g., Agilent 6560 IMS-Q-TOF) is unsuitable for first-principles
determination of CCS of fragile complexes due to the post-
mobility collision cell which cannot be tuned to preserve intact,
high-charge complexes without significantly reducing the re-
solving power of the mobility separation (data not shown) [30,

(a)

(d)

(c)

(b)

Figure 2. Plot of the relative IM abundances (RAIM) as a function of trap collision voltage for the CID of (a) the nitrate-free rhomboid
ion 3 and (b) the nitrate-adducted rhomboid 7. (c, d) Example MS spectra resulting from the CID of 3 and 7

Figure 3. Plots of survival yield (SY) of the CID precursor ions
as a function of their laboratory-frame collision energies (Elab).
Sigmoidal fits of each SY data set reveal inflection points cor-
responding to the Elab,50 of 32.0 eV and 40.4 eV for the nitrate-
free rhomboid (3, red) and nitrate-adducted rhomboid (7, blue)
ions, respectively
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31]. Reduction of the potentials of the post-IM collision cell
leads to the largest reduction of ion heating effects allowing for
transmission and mass detection of fragile complexes; however,
reduction of these potentials slows the ions, which leads to
diffusional broadening of the observed IM spectra such that
any CCS information is lost. Additionally, the potential for
post-IM fragmentation severely complicates assignment of IM
signals for CCS determination as ions will transmit through the
drift tube as high-order complexes but be identified as fragments
or dissociation products. Thus, for first-principles determination
of CCS of fragile CDSA reaction product complexes, home-
built or modified commercial instrumentation must be used [27].

Overall, we observe that careful instrument tuning is required
to observe intact, anion-free CDSA reaction products in high
relative abundances. CID provides topological confirmation of
the expected reaction products and suggests that when observed,
nitrate adducts are specifically coordinated to Pt centers. Nitrate
adducts mitigate effects of Coulombic repulsion in the gas phase
as the nitrate-adducted reaction products survive at higher colli-
sion energies than the nitrate-free analogue. The gas-phase ob-
servations made herein may suggest that in the condensed phase,
charge neutralization with counterions may improve the stability
of larger reaction products, like 3D geometries or sheet-like
reaction products [7], and that these effects may be beyond
attractive Coulombic effects (viz. negatively charged counterions

binding non-specifically to positively charged reaction prod-
ucts). While anionic adducts are often ignored (or omitted) when
reporting MS or IM-MS results of supramolecular complexes,
the comparative effects of other anions (e.g., triflate,
hexafluorophosphate) may prove valuable to the design of larger
CDSA products where Coulombic repulsion effects may prevent
observation of intact products either by condensed-phase or gas-
phase characterization techniques. The rational design of the
shape and structure of CDSA reaction products can be tested
by CID with results correlated to condensed-phase chemistries
and to specific effects of adduction of other anionic counterions.
While the effects observed herein are limited to the gas phase,
condensed-phase reaction products will likely bind anions
resulting from Coulombic attraction, which may affect the sta-
bility or intended performance of reaction products. Overall, gas-
phase characterization of CDSA ions must be performed below
their respective dissociation thresholds, and CID of intact ions
reveals that charge reduction through adduction of anions results
in increased stability of lower charged reaction products in the
gas phase.

Conclusion
Detection and characterization of fragile complexes byMS and
IM-MS must be performed carefully to minimize effects of

Figure 4. Gaussian peak-fitting IM spectra resulting from CID of the (a) isobaric nitrate-free rhomboid (3, 5.86 ms, green) and half-
rhomboid (4, 6.25 ms, red) and (b) the nitrate-adducted rhomboid (7, 9.67 ms, blue)

1660 C. S. Mallis et al.: Characterization of CDSA Complexes by IM-MS



collisional activation. By carefully tuning IM-MS instruments
for small molecules and complexes in a similar protocol to
what has been published for proteins, large, intact reaction
products have been observed from solution mixtures of reac-
tion precursors. When MS signals overlap, the IM peak areas
can be used for determination of relative abundance of isobaric
ions. An additional benefit of determining relative abundance
for CID experiments using extracted IM spectra includes the
ability to focus on pre-mobility dissociation rather than the
ensemble of all post mass selection dissociation events as pre-
mobility dissociation will result in product ions with unique
drift times; whereas, post-mobility fragmentation will result in
m/z of the dissociation product ions but with the drift time (or
arrival time) of the precursor ions.

The IM-MS data clearly show singular, gas-phase confor-
mations and structures for the precursor and product ions of
CID as each identified ion can be fit to singular Gaussian peaks,
supporting the notion that these ions are rigid in structure and
conformationally homogeneous. The results of CID reveal the
fragmentation pathways, and neutral and charged dissociation
products help to confirm the topology of the mass-selected
reaction product ions and identify coordination sites of anionic
adducts. Additionally, the SY results provide a basis for com-
parison of the stability of reaction products. They show that the
gas-phase stability of these supramolecular complex ions is
dependent on the supramolecular or macromolecular shape
and charge rather than the number of Pt–N bonds. Application
of IM-MS to the characterization of small molecules and labile
complexes requires careful tuning to preserve solution-phase
structures. IM-MS provides structural characterization of su-
pramolecular complexes which may not be achieved by tradi-
tional spectroscopic techniques and serves as a potential high-
throughput approach for characterizing CDSA reaction prod-
ucts once instrument tuning is complete.
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