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The photochemical cis–trans isomerization of the 4-{4-[2-(pyridin-4-yl)ethenyl]phenyl}2,20 :60 ,200 -terpyridine ligand (vpytpy) was investigated by UV-vis, NMR and TWIM-MS. Ion mobility
mass spectrometry was performed pursuing the quantification of the isomeric composition during
photolysis, however an in-source trans-to-cis isomerization process was observed. In order to overcome
this inherent phenomenon, the isomerization of the vpytpy species was suppressed by complexation,
reacting with iron(II) ions, and forming the [Fe(vpytpy)2]2+ complex. The strategy of ‘‘freezing’’ the
cis–trans isomerizable ligand at a given geometric conformation was effective, preventing further
isomerization, thus allowing the distinction of each one of the isomers in the photolysed mixture. In
addition, the experimental drift times were related to the calculated surface areas of the three possible
cis–cis, cis–trans and trans–trans iron(II) complex isomers. The stabilization of the ligand in a given
conformation also allows us to obtain the cis–cis and cis–trans complexes exhibiting the ligand in the
metastable cis-conformation, as well as in the thermodynamically stable trans-conformation.

Introduction
The photochemical cis-to-trans isomerization of double bonds,
particularly of stilbene and its derivatives, has been the subject of
extensive studies. The ditopic 4-{4-[2-(pyridin-4-yl)ethenyl]
phenyl}-2,20 :60 ,200 -terpyridine (vpytpy) ligand reported in this
work is a new stilbene-like compound possessing an isomerizable
ethylenic bridge connecting the coordinating terpyridyl and
pyridyl groups (Fig. 1). This specie was synthesized in the trans
configuration, but it is susceptible to isomerization upon light
and heat absorption, as well as via energy transfer processes.
Quantification of the relative amounts of cis–trans isomers in
photolysed samples is usually accomplished by 1H-NMR or UVvis spectroscopy. In the latter case, superimposition of the cis and
trans bands is quite common and the lack of the pure isomer
spectra or molar absorptivities precludes the accuracy of the
method. On the other hand, conventional chromatographic
separations of such isomers in solution are laborious and timeconsuming.
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Ion mobility mass spectrometry (IMS) is a gas phase ion
separation/identification technique capable of resolving isobaric
and isomeric ions with the same mass/charge ratio (m/z) but
exhibiting different collision cross-sections, or dipolar moments
and/or polarizabilities. Several IMS configurations have already
been employed to separate structural isomers, such as field
asymmetric waveform (FAIMS), tandem differential mobility
analysis (TDMA) and traveling wave ion mobility (TWIM);1–5
but, to the best of our knowledge, no report on the use of IMS in
the study of cis–trans photoisomerization has yet been published.
Among IMS apparatus, travelling wave ion mobility (TWIM)
has been recently introduced as a new mode of ion propulsion
and separation.6 The isomeric resolution can be accomplished,
thanks to the difference of interaction of those species with a drift
gas, in a low-pressure gas chamber, by changing the ion mobilities under the influence of travelling wave electric fields.7,8
Cis and trans isomers have been the subject of investigation by
TWIM-MS. Dong et al.9 showed that geometric isomers of
carotenoids can be successfully separated by TWIM-MS,
although tandem mass and collision-induced dissociation (CID)
fragmentation spectra of carotenoid isomers showed similar
spectral patterns.10,11 It was found that molecules in pure all-trans
carotenoid samples suffer trans-to-cis thermal isomerization even
when mild ionization conditions, such as in electronspray sources, were employed. This in-source isomerization explains why
the ESI-MS and ESI-MS/MS spectra of isomerically pure
carotenoids and retinoic acid samples are almost identical to the
Analyst, 2012, 137, 4045–4051 | 4045
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Fig. 1 Scheme showing the photoisomerization of the trans-vpytpy free ligand to the cis-configuration and the reaction with Fe(II) ions generating a
mixture of trans–trans, trans–cis and cis–cis complexes to be probed by TWIM-MS.

spectra of mixtures of the cis and trans isomers.9–11 In this
peculiar case, the inherent in-source isomerization of pure
samples still remains a challenge for the MS analysis of mixtures
of such geometric isomers.
One of the possible ways to block the isomerization process is
introducing new low-lying excited states by coordination of
transition metal ions. The insertion of such electronic levels can
drive the excitation deactivating the isomerization pathway.
In this work, the vpytpy ligand possesses a terpyridyl group
that presents high affinity for transition metal ions, particularly
Fe2+ ions (Ka  1021). In the presence of excess of Fe2+ ions, the
vpytpy ligand reacts quantitatively forming exclusively the
[Fe(vpytpy)2]2+ complexes due to the ligand field stabilization
associated with the high to low spin transition.12 In addition,
complexation with Fe2+ ions quenches the isomerization
processes of the vpytpy ligand due to the rise of low-lying excited
states, driving the electronic excitation outside the isomerization
pathways. Accordingly, the photoisomerization of the free transvpytpy ligand was induced by optical excitation, and the
products quenched by complexation with Fe2+ ions, and the
relative amounts of the respective cis–cis, cis–trans and trans–
trans isomers determined by TWIM-MS, as illustrated in Fig. 1.

Experimental
Synthesis of Br-ph-tpy
The 40 -(4-bromo-phenyl)-2,20 :60 ,20 -terpyridine intermediate,
Br-ph-tpy, was obtained according to a method previously
reported in the literature and purified by recrystallization in an
4046 | Analyst, 2012, 137, 4045–4051

ethanol–water mixture.13 Yield ¼ 52%. Anal. found: C, 64.5; H,
3.78; N, 10.9. Calc. for C21H14BrN3 (Mw ¼ 388.26): C, 64.96; H,
3.63; N, 10.82%. Observed [M + H]+: m/z ¼ 387 and 389.
Synthesis of trans-vpytpy
The 4-{4-[2-(pyridin-4-yl)ethenyl]phenyl}-2,20 :60 ,200 -terpyridine
(trans-vpytpy) was prepared by Heck cross-coupling reaction
of 0.500 g (12.8  103 mol) of Br-ph-tpy with 0.150 g
(14.2  103 mol) of 4-vinylpyridine, in the presence of 0.030 g
(0.13  103 mol) of palladium acetate, 0.102 g (0.39  103 mol)
of triphenylphosphine and 10 cm3 of triethylamine.14,15 The
reaction mixture was sealed in a glass ampoule under N2 atmosphere, heated at 120  C for 72 h, and the crude mixture extracted
with chloroform. The organic phase was washed three times with
distilled water and the solvent was removed in a flash evaporator,
generating a solid that was purified by recrystallization in an
ethanol–water mixture.
Yield ¼ 50%. Anal. found: C, 81.2; H, 4.95; N, 13.6. Calc. for
C28H20N4 (Mw ¼ 412.49): C, 81.53; H, 4.89; N, 13.58%. ESI-MS:
m/z ¼ 413.15; calc. for [M + H]+ 413.18.
Preparation of cis-vpytpy and [Fe(vpytpy)2]2+ complex
The trans-vpytpy ligand was converted to the cis-isomer by 355 nm
UV-light irradiation. A 3 mL sample of a 1.0  102 mol L1 transvpytpy methanolic solution was transferred to a quartz cuvette,
purged with argon and irradiated with UV light. During the
photolysis, 15 mL aliquots were taken (at 0, 20, 40, 60, 80, 120, 160
and 220 minutes), diluted to 5 mL with methanol and analysed by
UV-vis and TWIM-MS. After that, to 2.5 mL of each sample were
This journal is ª The Royal Society of Chemistry 2012
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added 10 mL of a 1.0  101 mol L1 Fe(NH3)(SO4)2$6H2O solution and analysed by UV-vis and TWIM-MS.
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Instrumentation
UV-vis spectra were recorded on a HP8453A diode array spectrophotometer (Hewlett–Packard) using a 3.0  105 mol L1
solution of vpytpy and 1.5  105 mol L1 solution of
[Fe(vpytpy)2]2+ complex in methanol. 1H-NMR spectra were
recorded on a 300 MHz Bruker DPX300 or a Varian Gemini 200
MHz spectrometer, using 1.0  102 mol L1 solution of the free
ligand in deuterated dimethylsulfoxide. Chemical shifts were
present in ppm relative to TMS standard. Photoisomerization
assays were conducted using an Oriel model 74009 monochromator, set at 355 nm, as a light source. The light intensity at
the sample position was calibrated with an iron(III)-oxalate
actinometer.
TWIM-MS measurements
Travelling wave ion mobility mass spectrometry (TWIM-MS)
data were collected using a first generation Synapt HDMS (highdefinition mass spectrometer; Waters Corp., Manchester, UK)
equipped with an ESI source and a hybrid quadrupole ion
mobility orthogonal acceleration time-of-flight (oa-TOF)
geometry. In our instrument, the TWIM cell entrance and exit
apertures were reduced from 2 mm to 1 mm diameter to allow
more efficient control of the drift gas pressure up to 1 mbar
without any significant detrimental effect on MS performance.
Methanolic solutions of the samples were submitted to ESI(+),
the ions of interest were then mass selected in the quadrupole
analyzer and transferred to the TWIM cell, operated at
1.45 mbar of CO2, with the following wave parameters: 180 m s1
wave velocity and 30 V wave height.

so-called phantom state p*16,23 because of its very short lifetime
of about 1 ps. The phantom state can be reached from both,
electronically excited trans and cis states, as a consequence of a
90 twisting of the C]C bond around its axis (Fig. 2A). The
deactivation of this state leads to statistical formation of cis and
trans isomers. Intersystem crossing from the singlet S1 excitedstate to a triplet excited-state can be neglected at room temperature, in the condensed phase, such that only the singlet state can
be considered. However, the fluorescence decay from this state
cannot be neglected. Interestingly, trans-stilbene is much more
fluorescent (Ffl ¼ 0.035, in n-pentane)24 than the corresponding
cis-isomer (Ffl ¼ 9  105),25 and exhibits some solvent and
temperature dependence.
The UV-vis spectrum of pure trans-vpytpy is dominated by an
intense absorption band at 326 nm, ascribed to an intra-ligand
(IL) transition. This faded upon irradiation with 355 nm light
while the absorption increased at 285 nm defining an isosbestic
point at 298 nm (Fig. 3), as expected for the trans-to-cis photoisomerization. The quantum yield Fiso of this process was
determined to be 0.22. This is comparable to the photo-isomerization quantum yield determined for trans-1,2-bis(4-pyridyl)

Results and discussion
Photoisomerization of the vpytpy ligand
Vpytpy possesses a mono- and a tricoordinating site in opposite
positions connected by an isomerizable ethylenic group. Stilbenelike compounds constitute an important class of photoactive
molecules and one of the best-known cis/trans isomerization
model systems.16–22 Its most characteristic feature is the ability to
undergo photoisomerization either as isolated molecules in gasphase or as solvated molecules in organic and aqueous solutions.16 On UV-light irradiation, stilbene is promoted to the S1
excited-state with a C]C bond order smaller than the ground
state species, thus accounting for the free rotation around the
ethylenic bridge within its short lifetime.
According to Waldeck,16 there are three possible mechanisms
for the photochemical conversion of the trans- to the cis-isomer.
The first, and less probable, mechanism involves the non-radiative decay of S1 to highly excited vibrational levels of the ground
electronic state susceptible to isomerization, in analogy to
thermally induced processes. The second mechanism involves the
intersystem crossing and isomerization of the molecule in the
lowest excited triplet state, at the crossing point with the ground
singlet pathway responsible for the trans to cis conversion. The
third and most commonly accepted mechanism involves the
This journal is ª The Royal Society of Chemistry 2012

Fig. 2 Schematic energy diagram for the photo-isomerization of vpytpy
as free ligand (A) and in the [Fe(vpytpy)2]2+ complex (B). The intersystem
crossing is facilitated in the complex but is not shown for clarity.

Fig. 3 Overlay of a set of UV-vis spectra registered for a 3.0  105 mol L1
solution of trans-vpytpy in methanol as a function of the irradiation time
with 355 nm light.
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Fig. 4 1H-NMR spectrum of trans-vpytpy in dmso-d6, (A) before and
(B) after irradiation with 355 nm light and conversion to cis-vpytpy.

ethylene in the same solvent (Fiso ¼ 0.17),26 but is lower than that
reported for trans-4-styrylpyridine in n-hexane (Fiso ¼ 0.37) and
acetonitrile solution (Fiso ¼ 0.46).27 This behavior can be
accounted for by a higher contribution of the ethenyl p* orbitals
to the S1 state, thus weakening the C]C p-bond to a larger
extent.
The photo-isomerization reaction of trans-vpytpy in methanol
solution upon irradiation with 355 nm light was confirmed by
1
H-NMR spectroscopy (Fig. 4). The signals were assigned by
careful comparison with the 1H-NMR spectra of related terpyridine derivatives, and confirmed by the 1H-1H COSY 2D correlation spectra of the trans and cis-isomers (Fig. S1†). The
irradiation led to the up-field shift of e1 and e2 signals of the
styrylpyridyl moiety whereas the terpyridyl signals remained
practically unchanged, except for the H30 proton signal which
experienced a 10 Hz up-field shift. The signals at 7.67 and 7.39
ppm, assigned to the ethylenic protons, were shifted to 6.86 and

Fig. 5 Set of UV-vis absorption spectra of the [Fe(vpytpy)2]2+ complex
as a function of the irradiation time (0 to 220 min) with 355 nm light. The
complex was generated in situ by reacting a methanolic solution of Fe(II)
and trans-vpytpy.

4048 | Analyst, 2012, 137, 4045–4051

6.72 ppm respectively, and their coupling constants decreased
from 16.5 to 12 Hz confirming the trans (A) to cis (B) isomerization process (Fig. 4).
The photoisomerization of stilbene-like ligands can be suppressed by quenching the excited-state localized on the C]C
bond. In the case of vpytpy, this can be easily achieved by coordination of suitable transition metal ions, such as d6 M(II) ions
exhibiting low-lying MLCT states able to deactivate the intraligand excited state (IL*) responsible for the photo-isomerization
reaction. Iron(II) is one of the best candidates among them since
the [Fe(vpytpy)2]2+ complex has a very high formation constant
and a low energy MLCT electronic state (Fig. 5). That 1 : 2
complex is so stable that it is preferentially formed even in the
presence of a large excess of iron(II) ion. In fact, the global
formation constant b2 (log b2 z 21) is about 7 orders of magnitude larger than b1 (log b1 z 14). This is explained by the ligand
field stabilization of metal ion t2g orbitals as a consequence of
strong metal-to-ligand (d–p*) back-bonding interaction and the
dynamic chelate effect,28 changing the spin state from high to low
spin upon coordination of the second vpytpy ligand.
Fig. 5 shows the absorption spectra of the [Fe(trans-vpytpy)2]2+
complex as a function of the irradiation time. A small decrease of
the 570 nm MLCT band intensity is apparent, but the main
changes occurred in the terpyridine IL envelope around 320 nm.
The absorption of the trans-vpytpy species, centered at 344 nm,
diminished whereas the absorption at 284 nm increased. It is not
possible, however, to distinguish the trans–trans, trans–cis and
cis–cis isomeric complexes exclusively based on the UV-vis spectra.
TWIM-MS
Fig. 6 shows the TWIM-MS of pure trans-vpytpy (protonated
molecules of m/z 413) before and after irradiation at 355 nm.

Fig. 6 Evolution of TWIM-MS drift time plots of vpytpy ligand as a
function of the irradiation time (0 to 220 min) with 355 nm light, showing the
change in the distribution of the cis and trans isomers ([M + H]+ of m/z 413).

This journal is ª The Royal Society of Chemistry 2012
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Note the presence of two peaks at 4.3 and 4.8 ms, even in the
non-irradiated sample (Fig. 6, top), clearly indicating the presence of a mixture of two isomeric species with the same m/z.
Upon irradiation, the first peak increased as the second
decreased until eventually inverting their relative abundances. It
is evident that the species with the lower mobility is being
photoconverted to the one with higher mobility, as expected for
the trans-to-cis isomerization. The presence of the cis-isomer was
not however expected in the non-irradiated sample, since the
sample was previously confirmed to be pure by spectroscopic and
TLC analyses. Similar results were previously reported for pure
all-trans lycopene and b-carotene and extensively studied by
HPLC and LC-IM-MS, showing that in-source thermal isomerization takes place prior to the analysis by TWIM-MS.9
Unfortunately, that process could not be avoided even under the
mildest conditions, for example by decreasing the temperature of
desolvation. For this particular system, it would be interesting if
such isomerization processes could be suppressed, thus allowing
the resolution and quantitative analyses of mixtures of cis–trans
isomers by TWIM-MS.
Indeed, after coordination of vpytpy to iron(II), no photoisomerization could be observed, demonstrating the complete
suppression of the phantom p* state.
Fortunately, the TWIM-MS behavior of the [Fe(transvpytpy)2]2+ complex was completely different from that shown in

Fig. 7 for the free ligand. In fact, only one sharp peak was
observed at 4.37 ms in the TWIM-MS of the mass selected
doubly charged ion with m/z 441 (Dm/z of isotopologue ions ¼
0.5) obtained by the reaction of pure trans-vpytpy ligand with
Fe(II). This single peak is a clear indication that the cis–trans
isomerization process of vpytpy taking place in-source was
suppressed by that transition metal ion. The ligand S1 excitedstate should be suppressed mainly by the low lying singlet MLCT
state (Fig. 2), but also by intersystem crossing to the triplet states
that is significantly enhanced in the Fe(II) complex. The
successful suppression of the cis–trans isomerization process
motivated us to go forward and study the possibility of analyzing
the relative amounts of the three geometric isomers of the
[Fe(vpytpy)2]2+ complex (Fig. 1) that can be formed by the
reaction of Fe(II) with mixtures of cis- and trans-vpytpy, as those
generated from a pure trans-vpytpy solution as a function of the
irradiation time (Fig. 7).
Interestingly, the intensity of the sole peak at 4.37 ms, assigned
to the trans–trans [Fe(vpytpy)2]2+ species, decreased in the sample
prepared with the free ligand irradiated for 20 min and a new
peak appeared at 4.05 ms. In fact, the 4.05 ms peak increased at
the expense of the 4.37 ms peak as a function of the photoisomerization time of the free trans-vpytpy ligand, reaching a
maximum at about 40 min of irradiation. This was followed by
the decrease of that second peak and the rise of a third peak at

Fig. 7 (A) ESI-MS spectrum of the [Fe(trans-vpytpy)2]2+ solution. (B) Theoretical and (C) experimental isotopologue ratios of [Fe(trans-vpytpy)2]2+.
(D) TWIM-MS drift time plots showing the mixtures of the cis–cis (dashed-dotted, 3.74), cis–trans (dotted, 4.07) and trans–trans (dashed, 4.37 ms)
isomers of the [Fe(vpytpy)2]2+ complex generated by the reaction of Fe2+ with non-irradiated and irradiated (355 nm) trans-vpytpy as a function of time.
The peaks corresponding to each geometric isomer were deconvoluted using Gaussian curves.

This journal is ª The Royal Society of Chemistry 2012
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Fig. 8 Logarithmic plot of the calculated surface area of the three
[Fe(vpytpy)2]2+ complex isomers (cis–cis B; trans–cis O; trans–trans ,
complexes) versus the respective drift time.

3.74 ms, that become the most prominent one for samples
prepared with the ligand irradiated for longer than 60 minutes
(Fig. 7). However, no further change could be observed for
irradiation periods longer than 220 min.
At this point, it is important to note that statistical mixtures of
the geometric isomers of the [Fe(vpytpy)2]2+ complex are expected when mixtures containing different proportions of cis and
trans-isomers of the vpytpy ligand are reacted with Fe(II).
Therefore, the relative amounts of trans–trans, trans–cis and cis–
cis species should be governed by the free vpytpy ligand cis/trans
ratio prior to the coordination reaction, if one considers that the
coordinating properties of the terpyridyl group are preserved and
no further isomerization takes place after formation of the
complex. Accordingly, when the trans-vpytpy solution is irradiated for a short period of time, the relative amount of the
cis-isomer should be quite small leading almost exclusively to
trans–trans and trans–cis isomers. Thus, the peaks at 4.37 and
4.05 ms (Fig. 7) can be assigned, respectively, to those species.
Indeed, the last isomer is expected to present a lower collision
cross-section than the trans–trans complex, and consequently

higher mobility in the gas phase. In contrast, the relative
amounts of the cis-vpytpy isomer should prevail at longer
periods of irradiation, favoring the formation of cis–cis and
trans–cis complexes. The mobility of the cis–cis complex in the
gas phase is expected to be even higher as confirmed by the peak
at 3.74 ms in the TWIM-MS, because of its significantly much
smaller collision cross-section.
Usually, the experimental collision cross-section of a given
molecule is determined based on a calibration curve generated by
measuring the gas phase mobility of standard compounds (drift
gas pressure, flow rate, ESI conditions, wave velocity and
ramping) and comparing with the mobility of an unknown
species under the same experimental conditions.9,29 Theoretical
collision cross-sections can also be evaluated using molecular
modelling software, after molecular geometry optimization.
According to Smith et al.,7 the relationship between the collision cross-section (U) and the ion mobility in TWIM-MS
measurements can be expressed by eqn (1),

1=2
ð18pÞ1=2
ze
1
1
760 T 1 B
U¼
þ
(1)
At
16 ðKb TÞ1=2 ml mN
P 273:2 N D
where tD is the drift time, z is the number of charges on the ion, e
is the charge of an electron (1.6022  1019 C), Kb is the Boltzmann constant and P, T and N are the drift gas pressure,
temperature and number of density, respectively. The term
(1/ml + 1/mN) is the reciprocal of the reduced molecular mass of
the ion (ml) and the drift gas (mN). The travelling wave characteristics are expressed by the constants A and B, where the first is
a correction factor for electric field parameters and the second
compensates for the non-linear effects of a given TWIM device.
Conveniently, the collision cross-section can be expressed as a
quantity (U0 ) independent of the mass and charge by multiplying
U (eqn (1)) by the absolute charge (ze) and (1/ml + 1/mN)1/2, thus
giving eqn (2):
U0 ¼

ð18pÞ1=2
1
760 T 1 B
At
16 ðKb TÞ1=2 P 273:2 N D

(2)

or
U0 ¼ A0 tBD

(3)

Fig. 9 Kinetic of the trans to cis isomerization (A) based on TWIM-MS and (B) UV-vis spectrophotometric data.
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where A0 is a constant combining all eqn (2) parameters kept
unchanged in the experiments, i.e. temperature, pressure, density
and electric field. Thus, there should be a linear relationship
between the collision cross-section and the drift time of a series of
isomeric ions (eqn (3)).
To confirm that correlation, the experimental drift times of the
trans–trans, trans–cis and cis–cis isomers can be correlated with a
geometric parameter reflecting U, such as the surface area of
those complexes. This was calculated using the HyperChem 7.1
software, after geometry optimization at the PM3 level. The
logarithm of the calculated surface areas (ln(SA)) was shown to
be a linear function of the logarithm of the respective drift times
(ln(tD)), confirming the validity of eqn (3) (Fig. 8). This result
also supports the assignment of the TWIM-MS peaks at 3.74,
4.05 and 4.37 ms to the cis–cis, trans–cis and trans–trans isomers
of the [Fe(vpytpy)2]2+ complex.
The photoisomerization kinetics of trans-vpytpy were monitored by UV-vis spectrophotometry and TWIM-MS following
the decay of the IL absorption band at 350 nm (Fig. 9B) and the
integrated area of the deconvoluted drift time peaks. Single
saturation curves, in which the point corresponding to a 1 : 1
mixture of cis and trans-isomers was achieved after 75 min of
irradiation and reached saturation after about 200 min, were
obtained spectrophotometrically. A very similar result was
obtained when the integrated areas of the deconvoluted TWIMMS peaks (see Fig. 7) of the same set of samples were plotted as a
function of the irradiation time (Fig. 9A), clearly indicating that
there is no significant isomerization at the ESI source. In fact, the
apparent rate constants evaluated by TWIM-MS and UV-vis
data were in good agreement, i.e. (71  1)  104 and (69  3) 
104 min1, respectively.

Conclusions
The cis–trans isomerization of the 4-{4-[2-(pyridin-4-yl)ethenyl]
phenyl}-2,20 :60 ,200 -terpyridine ligand (vpytpy) was shown to be
suppressed by coordination to iron(II) ion forming the [Fe(vpytpy)2]2+ complex. This ligand stabilization in a given (cis or
trans) conformation is a consequence of the presence of a low
lying MLCT electronic excited state that efficiently quenches the
higher energy phantom p* state, as well as the presence of several
low energy vibrational states created by the formation of the
complex preventing the molecule from reaching the crossing
point for isomerization. The coordination induced ‘‘freezing’’ of
a cis–trans isomerizable ligand in a given conformation was
shown to be an interesting and efficient strategy to avoid insource isomerization during ESI, thus allowing the analyses of
mixtures of geometric isomers by TWIM-MS. Also, the experimental drift times determined by TWIM-MS were shown to be
proportional to the calculated surface areas of the isomeric
complexes. The stabilization of the ligand in the respective
conformation should allow the preparation of the cis–cis and
cis–trans complexes in which the ligand is in the metastable
cis-conformation, as well as in the thermodynamically stable
trans-conformation.
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