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Abstract

Mass Spectrometry (MS) enables the study of alkali metal and tetramethylammonium (TMA) complexes which
are formed during potentiometric titrations. Their formation and their evolution as a function of pH are confirmed
by means of 22Na NMR spectroscopy. This is a common phenomenon which calls the principle of pH-metric
titration of polyacids into question. © 1999 Elsevier Science Ltd. All rights reserved.

Literature shows a large heterogeneity in the pKa values of polyaminoacids together with explanations
to justify this diversity.!® However, the formation of alkali complexes during titrations is frequently
invoked.!?< It was postulated in potentiometry that this complex formation could be avoided by replace-
ment of the alkali metal ions by the TMA ion. Even though pH-metry is common practice in chemistry,
surprisingly, such an hypothesis has not yet been verified, neither has the one which previously admitted
that polyacid titrations are interpreted by a succession of Brgnsted equilibra:

H,L+mH,0 === mH;0"+H,_ L™
We identified by MS the alkali metal or TMA complex cations which were formed at different pH

values and we evaluated their stability. A 22Na NMR spectroscopy study allowed us to confirm the
formation and the evolution of the alkali complexes in solution with the variation of the ion/ligand ratio.

1. Identification of complexes by MS: FAB and ESIMS¥ methods

We studied three acids: EDTMP,!3 OTMP!%-!13 and DOTA!3 in FAB!? and ESIMS,!? by carefully
controlling the temperature and the accelerating voltage.? FAB and positive ESIMS, gave the same
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results, which were coherent for the three considered acids in the presence of alkali metal ions and
TMA.
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We present here the results acquired with EDTMP (LHg), and K* ions or TMA.

— A solution I of the ligand (107> M), without electrolyte (pH 1.16) displays only the molecular peak
[LHg+H]*.

— When KOH was added to solution I until pH 1.5 (solution II) the corresponding mass spectrum
displayed four main peaks: [LHg+H*]*, [LHgK]*, [LH7K;]* and [LHgK3]* (Fig. 1). The same
spectrum is obtained by addition of an equivalent of electrolyte (KCI) to solution I giving solution III
which differed from solution II only in peak intensities. Further addition of KOH to solution II caused
an evolution of the spectra towards the species in which H* were progressively substituted by K* until
the [LKgH]* species appeared. This evolution was correlated with a decrease until disappearance of
the first observed peaks, [LHo]*, [LH3K]*, [LH7K>]*, etc...
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Figure 1. FAB mass spectrum of solution II

— Simultaneous introduction of Na* and K* ions resulted in spectra showing the association of the ligand
with one type of ion [LHgNal*, [LHgK]*, [LH7Nay]*, [LH7K;]*... and mixed complexes [LH7NaK]*,
[LHgNaxK]*...

~ Addition of tetramethylammonium hydroxide to solution I resulting in solution IV, showed peaks
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corresponding to [LHy_+1 (TMA)]* (Fig. 2). The simultaneous addition of alkali metal ions and
TMA also indicated the formation of mixed complexes.
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Figure 2. FAB mass spectrum of solution IV

— K* ions diffused by a calomel electrode were also trapped by the solution of ligand.

2. Results observed in negative ESIMS

The ESIMS analyses of mixtures of the ligand with KCI adjusted to pH 7.5 by addition of KOH,
permitted observation of the formation of: [LH7]™, [LHe]?>~, [LH¢K]™ and [LHsK]?>~ anions (Fig. 3).
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Figure 3. ESIMS mass spectrum in the negative mode of a mixture of LHg-KC1
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3. The determination of complex stability by ESMS

We evaluated the stability of complexes formed according to the method described by Gall et al.?
by plotting the peak intensity of the [LHgNa]* complex versus the orifice voltage (OR) of the mass
spectrometer and by comparing the maximum of each resulting curve to a reference complex,?d#
NaDOTA (complexing constant By ;o is about of 10%).3-6

Fig. 4 compares the I=f(OR) diagrams for the NaEDTMP, NaOTMP and NaDOTA metal complexes.
The following features were worth noting: for the three complexes, the ionic current intensity was
very high. The maxima were located in the same zone of OR value (within 100 and 130 volts). This
demonstrated that in a gaseous phase, the three complexes were very stable and NaOTMP and NaDOTA
exhibited comparable stability, higher than NaEDTMP. If the hierarchy of stability in the aqueous phase is
of the same order as in the gaseous phase, which is admitted when the vaporization/ionization temperature
is low, the stability constant of NaEDTMP and NaOTMP in the aqueous solution is thus close to 10.4
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Figure 4. I=f(OR) diagrams of sodium complexes of EDTMP, OTMP and DOTA

4. 2Na NMR spectroscopy studies

The importance of MS observations and their consequences in pH-metry, reconsidering the titration
principle itself, required the use of a different analytical approach in order to confirm them. Recently,
23 Na NMR spectroscopy studies were employed to prove the formation of mononuclear alkali metal
complexes’-? (chemical shift and width versus height of peaks were studied). As our results from MS
studies on Na* and K* ions were similar, we chose, for technical reasons, to study the 23Na NMR
spectroscopy of these complexes.

In a preliminary study, we verified that 8N, and Av;, of Na* ion were practically independent of Na*
concentration and pH in water solution (Ad <4 Hz and Av,,,=0.1 Hz for 8 mol Na* ions added per mol
of the initial Na* ion).

Addition of NaOH to a solution of EDTMP (102 M) induced a down field shift of the 22Na NMR
spectrum together with broadening of the signal (Fig. 5). The dn, and Av); depended on the amount of
NaOH added. We observed an increase of 8n; and Avy, values until 8 mol of NaOH were added per mol
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of EDTMP: A81ax=29.4 Hz and AAV /2 max ~24 Hz. Beyond this, dn, and Av),, remained constant or
slightly decreased which was attributed to coalescence phenomenon.
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Figure 5. Ay, and Av,;,; during addition of NaOH to EDTMP solution

In conclusion, our results which seem valid for other series of acids,’ calls into question the principle of
pH-metric titration of polyacids. The cations M* issued from the base or from the electrolyte were either
free or complexed in solution; consequently the titration is that of a mixture of LH, acid and LH,_nMn
complexes, the proportions of which depend on their stability, the concentration of the electrolyte and
the progress of the titration.
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H.); 3.14 (m, 4H, Hy); 3.52 (d, 4H, H, J=12.4); 3.01 (d, 2H, H; J=10.9). NMR *C (D,0, TMSPA) 67.30 (C,), 58.23 (Cy),
57.05 (C.), 53.32 (Cy), 54.87 (d, C, 'Jep=143.2), 53.20 (d, C; 'Jcp=149.9). NMR 3!P (D,0, TMSPA, H;PO,) 11.83 (2P),
6.78 (1P). SM FAB (glycerol): molecular peak 456.
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Conditions of analysis. ESIMS: API 111+ (Perkin-Elmer Sciex) triple quadrupole mass spectrometer with an electrospray
source. Solution was introduced by means of a syringe pump on a VALCO-C14WI injector with a 1 pL internal
loop, the solvent used for infusion consisting of MeOH:H,O (20:80) FAB: NERMAG R 10-10C. Matrix: mixture of
solution:glycerol (50:50). NMR: Bruker AM300 working at 79.39 MHz in *Na. Solvent D,0.

EDTMP: acid ethylenediaminetetramethylenephosphonique; DOTA: acid 1,4,7,10-tetraazacyclododecane-1,4,7,10-
tetraacetique; OTMP: acid 1-oxa-4,7,10-triazacyclododecane-4,7,10-trimethylenephosphonigue.

. ESIMS: electrospray ionisation mass spectrometry, FAB: fast atom bombardment.



