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Abstract

Tris-ferrocenyl-substituted benzenes, s-tricyanobenzenes and s-triazine aromatic
compounds have been synthesized by stepwise substitution of halogen atoms by
ferrocenylethinyl groups.

For this FD-MS study seven compounds representing the structural types of
ferrocenyl compounds under investigation have been examined.



In order to know about the limitations of the method, e.g., in case of extremely
low solubility of potential analytes, the detection limits have been determined.
They were found to be in the low nanogram range for scanning spectra.

A procedure for scanning mode HR-FD-MS has been developed. Despite its
inherent difficulties, HR-FD-MS turned out to yield reliable mass values within a 5—
7 mmu error range.

FD-MS was employed starting from a first evidence for a successful synthesis,
reaching to control of purity and to the establishment of elemental composition.

Field desorption mass spectrometry (FD-MS) proved to be the method of
choice for the mass spectrometric characterization of these ferrocenyl com-
pounds.
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1 Introduction

Tris-ferrocenyl-substituted aromatic compounds are of great interest because of
their potential non-linear optical activity. Based on benzene, s-tricyanobenzene
and s-triazine such systems have been synthesized by stepwise substitution of
halogen atoms by ferrocenylethinyl groups (Fig. 1).

Matrix or solvent dependent techniques like FAB (LSIMS) [1], MALDI [2] and
ESI [3] are currently the most widespread soft ionization methods. During recent
years, field desorption mass spectrometry (FD-MS) [4] has lost much popularity



because it is generally assumed to be an experimentally more demanding tech-
nique [5].

Nevertheless, due to its good sensitivity and its clean background, FD-MS
proved to be the method of choice for the mass spectrometric characterization of
the ferrocenyl compounds starting from a first evidence for a successful synthe-
sis, reaching to control of purity and to establishment of elemental composition.

For this FD-MS study seven compounds representing the different structural
types under investigation have been examined in detail (Fig. 2, Table 1). The aim
was to optimize the mass spectrometric procedure and to get an estimate of its
limitations.

2 Results and discussion

2.1 Comparison to FAB-MS

The ferrocenyl compounds of interest are usually of low solubility in all solvents.
Especially, typical matrices used for FAB-MS like 3-nitrobenzyl alcohol or glycerol
are not suited for this purpose. This gave rise to relatively poor FAB spectra and in
several cases even prevented the use of FAB-MS. Fig. 3 shows FAB spectra of 4
and 6 which represent a relatively good and a bad case, respectively.

2.2  LR-FD-MS scanning spectra

By scanning the instrument over a mass range from m/z 100 to m/z 1500, LR-FD-
MS yielded the basic information about reaction products. Examples are the spec-
tra of 2 and 5 (Fig. 4 and Fig. 5, respectively). All samples selectively formed radi-
cal cations, M*, under FD conditions. The experimentally observed isotopic



patterns perfectly match the calculated ones. The isotopic patterns are clearly
reproduced in the weak M?* signals.

2.3  Mixture analysis

FD-MS did only allow for the analysis of mixtures on a qualitative level. Unfortu-
nately, quantitative results could not be obtained due to differences in desorption
behavior. It turned out that repeated measurements of artificial mixtures under vir-
tually identical conditions yielded significantly different ratios of these compo-
nents for different runs (Table 2).

While quantitative results could not be obtained from FD-MS spectra, the qual-
itative decission whether another compound is present or not could be made down
to the 1% level. Especially the clean background of FD proved to be useful for the
detection of impurities. Fig. 6 shows the mixture consisting of 1 + 2 + 4 in the ratio
15:15:1000. The minor components may be identified; isotopic patterns are fully
resolved. Fig. 7 gives an example of a “real-life” mixture. It is worth to compare this
with the corresponding FAB spectrum (Fig. 3b).

2.4 Detection limits

In unfortunate cases, the solubility might become so low that it is helpful to know
about the detection limits of the method. The detection limits have been deter-
mined using compound 4. The measurements have been repeated on different
days. The graph of Fig. 8 clearly demonstrates that compound 4 can be detected
even at the 0.1 ng level with a signal-to-noise (S/N) better than 10. In Fig. 9 two lev-
els of S/N are visualized. According to the moderate quantitative reproducibility of
the measurements, S/N varies over a relatively wide range. But nevertheless,



detections limits may be considered to be in the low nanogram range for scanning
spectra in any case.

2.5 High-resolution FD-MS

A procedure for HR-FD-MS of the ferrocenyl compounds has been developed.
While older approaches used the peak matching technique [6], this approach
makes use of the co-desorption of internal standard and analyte. By use of poly-
ethylen glykols, scanning spectra can be obtained. Fig. 10 shows a portion of the
FD-HR-MS of 1. Despite its inherent difficulties that are mainly caused by the low
ion currents, HR-FD-MS turned out to yield reliable mass values within a 5-7 mmu
error range. Both, medium range magnet scans and accelerating voltage scans
have been tested for this purpose.

3  Experimental

We used a Jeol JMS-700 sector instrument (Jeol, Tokyo, Japan) of BE geometry,
equipped with an FD/FI ion source.

For FD-MS the analytes were dissolved in CH,Cl,. 1-2 uL of theses solutions
were applied to the activated 13 ym tungsten emitters (Linden Chromaspec,
Leeste, Germany) using a microliter syringe. During the measurements, the emit-
ters were heated at a rate of 4-8 mA/min until the analyte had been completely des-
orbed. To prevent thermal degradation of the analyte as well as emitter damage by
field-induced discharge, sometimes the rate of heating was reduced when a good
level of desorption/ionization had been reached.



For routine LR-FD-MS resolution was set to R=1500 by tuning the instrument in
the FI mode on the molecular ion of toluene. The magnet was scanned from m/z
100-1500 in about 10 s.

For sensitivity determinations compound 4 has been used. At R=1000 the mag-
net was scanned from m/z 100-1000 in about 10 s.

For HR-FD-MS resolution was set to R=5000 in the same way. The scan range
was reduced to about M+200 u and the scanning rate was lowered. Alternatively,
HV scanning with comparable scanning rates was employed.

Polyethylene glycol (PEG 400 or PEG 600) was used for internal calibration. For
this purpose, a solution of PEG in ethanol was applied together with the analyte to
the field emitters. The analyte/PEG ratio was adjusted as to obtain signals of simi-
lar intensity for both compounds. Between measurements readjustment of the sig-
nal was achieved by fine tuning on peaks from field desorbing PEG close to the
expected molecular mass.

Due to the changing PEG spectrum during the desorption process, not only
[PEG+Na]* but also [PEG+H]* signals had to be incorporated into the mass refer-
ence file.

4 Conclusion

FD-MS is still a very valuable ionization method. FD represents the only desorp-
tion/ionization technique that allows desorption of the analyte without interference
with any matrix compound or solvent effects.
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Table 1:

Elemental composition and molecular weight of 1-7.

Sample Formula . Basepeak of . Avgrage
isotopic pattern  isotopic mass
1 C1gH12FeBr, 443.8637 444.0
2 CaoHaqFesBr 571.9529 573.1
3 CaoHaiFe,l 619.9388 620.1
4 CaoHsoFes 702.0398 702.2
5 CasHa7FesNs 777.0256 777.3
6 CagHa7FesNs 705.0256 705.2
7 CasHarFaN3 633.0255 633.1




Table 2: Theoretical and experimental ratios found from artificial mixtures.

Mixture Ratio theor. Ratio exp.

2+4 2/4 2/4
110 1/3.7
1/10 1/12
1/2 11.5
1/2 11.2
11 1/2.6
11 11

1+3 1/3 1/3
110 1/11
1/2 1/3.6
11 11.2
11 1/2.9
11 1/3.9

2/1 1.64/1
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Figure 3 FAB spectra of 4 and 6 which is badly soluble in 3-NBA.
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Figure 5 FD spectrum of 5.
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Figure 7 FD spectrum of a “real-life” mixture from a reaction that was intended to yield 6.
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Figure 9 Visualization of two S/N ratios (cf. preceeding page for part 1).

(Continues)



13456 feE. 118
188 - 1

98

0.2ng
SN =50

8a -
78+
&8
58—
449

384 788,131

28 -

I v T v T ¥ 1 ’ 1 I v T T T ¥ L ¥ T v
648 545 G5@ 655 BG@ 665 67 G675 GBO GOS G928 B95 FE@ F@S IR 7IS FE@ RS 7IB 735 4@
msL

Figure 9 (cont.)



Datz : I_I*R_@BE Date : 23-Dec-96 14:84 443,863
Samgle: 1 HR-FD @.2ul PEG4B@ lul 1 ’
Note : INSET:
Inlet : Direct Ion Mode : FDO+ .
Spectrum Type : Normal Ion [MF-Linear] molecular ion
Scan# @ (27,44) pmme mode
166176
168 -
HR-FD-MS, magnet scan 1 441.865
90 -
C,sHq,Br,Fe
€0 -
70 o
60 -
50
PEG [M+H]+
4@ 1 415.25
. L e W |
371.23 459.28
30 - / 5@3.31
327.20
28 -
18 -
3@9.19
TR T J.HIMJ.LLLLI,IL pdin]
jea 3ce 348 368 3a8a 4E0 428 448 46@ 4840 SPa 528 540 368 588 688
msz
Figure 10 HR-FD-MS scanning spectrum of 1.
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