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Ultramark 1621, a commercially available mixture of fluorinated phosphazines, was found to
be a useful calibration compound for negative and positive ion fast-atom bombardment
(FAB) high-resolution mass spectrometry. Ultramark 1621 worked very well with the most
widely used matrices such as glycerol, nitrobenzyl alcohol, and triethanolamine. The nega
tive and positive ion FAB mass spectra of Ultramark include a series of intense peaks
extending from 700 to 1900 u. (JAm Soc Mass Spectrom 1992, 3, 842-846)

I
n recent years fast-atom bombardment high-resolu
tion mass spectrometry (FAB-HRMS), .stead of clas
sical elemental analysis, has become a standard

technique for determining elemental compositions of a
variety of involatile and thermally labile compounds
not suitable for electron impact (EO or chemical ioniza
tion (Cl) mass spectrometry. While a variety of refer
ence compounds have been suggested for exact mass
measurement in positive FAB mass spectrometry [1-71,
only a few reference compounds have been introduced
for negative ion FAB-HRMS. A need for a versatile
reference compound for negative ion FAB arises from
the fact that many important biochemical compounds
such as nucleic acids [8], phospholipids [9], and
oligosacchrides [10] usually produce more intense
pseudomolecular ions and characteristic fragments in
the negative than in the positive mode.

The chemical compositions and accurate masses
of some commonly used reference compounds have
been reported [11]. Cesium iodide (CsO is not gener
ally used for high-resolution accurate mass measure
ments because the peaks are too far apart. Negatively
charged glycerol matrix peaks, if close enough to the
unknown peak, are frequently used as peak matching
standards in the low-mass range « 1000 u) [11].

Sharp et al. [12, 13] have suggested concentrated
sulfuric acid as a reference compound for negative ion
FAB-HRMS. However, the low abundance of sulfuric
acid negative ion clusters above 900 u and the possible
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reaction of sulfuric acid with samples preclude its use
for exact mass measurement of most compounds en
countered in our laboratory.

Vekey [14, 15] has introduced salt mixtures of
NaIjCsI and CsI/CsF as calibration compounds to fill
in the gaps of the CsI peaks at lower masses. However,
for high-resolution mass measurements, when these
salt mixtures are mixed with commonly used matrices,
such as glycerol or nitrobenzyl alcohol, the intensities
of the negatively charged salt clusters are not sufficient
for formula confirmation.

Recently, Sim and Boyd [16] described the simple
expedient of using Au~ and Au"S;;; clusters as nega
tive ion mass markers. These markers were used for
low-resolution (~3000) accurate mass ( < 0.1 u) assign
ments. By placing a mixture of a sample and matrix on
a gold probe tip in such a way that the probe tip was
partially covered, they were able to generate Au;;
clusters and sample ions in one spectrum. However,
the reported errors in mass measurements were so
large that one could not positively identify the elemen
tal compositions of unknown ions. The magnitude of
the errors may be attributed to the mass separation
between the useful reference cluster ions, and to the
difference in kinetic energy of ions generated from the
gold probe and those generated from the liquid matrix.
The difference between the kinetic energies of the ions
of the unknown and of the reference ions usually
affects peak shapes at high resolution. This will result
in a compromise in tuning and therefore in even larger
error.

In addition to the need for a reference compound
for negative ion FAB-HRMS, there is also a need for
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Experimental

All experiments were carried out on a VG ZAB-2E
mass spectrometer (VG Analytical Ltd., Manchester,
UK) with ± 8-kV accelerating voltage and OPUS data
system. For accurate mass measurements, voltage scans
were carried out over a narrow mass range that in
cluded a pair of reference peaks bracketing a sample
peak, The instrument was tuned to a resolution of
10,000 (10% valley definition), and the mass range was
scanned at a rate of 10 s/scan. Low-resolution spectra
(Figures 1 and 2) were obtained using CsI as an exter
nal calibration compound. A focused cesium ion gun
with a primary ion of 25 keY energy and ion current
of about 3 p,A was used. Ultramark 1621 (peR,
Gainesville, FL), vitamin B12 (Sigma Chemical Co., St.
Louis, MO), m-nitrobenzyl alcohol (NBA) (Aldrich
Chemical Co., Milwaukee, WI), triethanolamine (Fisher
Scientific, Fair Lawn, NJ), and sapphyren sugar deriva
tive (provided by Professor F. M. Sessler, Department
of Chemistry and Biochemistry, University of Texas at
Austin), were used without further purification and
introduced into the mass spectrometer by a PAB probe
with a straight probe tip.

In the negative ion FAB mode, Ultramark 1621
generated good mass spectra in matrices of glycerol,
NBA, and triethanolamine. When Ultramark and the
samples were added to a matrix, the relative intensi
ties of the sample and Ultramark reference peaks de
pended largely upon the concentration of Ultramark in
the matrix. High concentrations of Ultramark sup
pressed the sample peaks. This effect was reduced by
adjusting the Ultramarkymatrix ratio or by using a
split target [3]. Bringing down the Ultramarky'matrix
ratio to 1/100 or l/lDOO remarkably reduced this
suppression effect. In practice, the appropriate amount
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Figure 1. Negative ion fast-atom bombardment mass spectrum
of Ultramark in triethanolamine matrix. Experimental conditions:
ratio of Ultramark to triethanolamine approximately 1/100; mag
netic scan; accelerating voltage - 8 kV; resolution 1500. Peaks
marked with an asterisk belong to the second series identified in
Table 1 (see text).
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an alternative, commercially available reference com
pound in positive FAB-HRMS. Polyethylene glycols
(PEGs), the most widely used reference compounds in
positive ion FAB-HRM~, have the chemical composi
tion (C2H40 ). H 20 . The mass spectrum of PEG in
cludes a series of intense peaks at 44-u intervals, and
minor peaks at almost every atomic mass unit. In cases
where the molecular weights of compounds of interest
are too close to the PEG peaks (i.e., less than 0.1 u at
m/z 1000), it is more convenient to use alternative
calibration compounds than to tune the instrument
beyond 10,000 resolution.

The effort was made in our mass spectrometry
facility to screen some commercially available reagents
for possible candidates as reference compounds for
negative and positive FAB-HRMS. The hope was to
find a reference compound with the following proper
ties: (1) peaks that would cover a wide mass range in
both positive and negative FAB-HRMS; (2) the capac
ity to be used with the most common matrices; (3)
peaks whose exact masses would not interfere with
those of most organic compounds; (4) commercial
availability. Ultramark 1621, a mixture of fluorinated
phosphazines, was found to be such a material. Posi
tive and negative ion FAB of Ultramark 1621 produced
a series of intense peaks extending from 700 to 1900 u
at a regular mass interval of less than 100 u.

Phosphazines have been used as reference com
pounds for decades. Fales [17] first described the EI
mass spectrum of a single phosphazine. Later, Olson et
a1. [18] utilized a mixture of phosphazines as a refer
ence compound for field desorption mass spectrome
try. They also showed the structure, fragmentation
pathways, elemental compositions, and calculated
masses of the major fragment ions of phosphazines
under electron ionization. Martin et al, [19] demon
strated that the relative abundance of a hexakis(2,2,2
trifluoroethoxykyclotriphosphazine M+' versus [M +
H]+ varies as a function of acidity in a glycerol matrix
containing Fomblin oil (PCR, Gainesville, FL) under
positive ion FAB.

Commercially available fluorinated phosphazines,
e.g., Ultramark 1621, have been used for some time as
calibration compounds for low-resolution EI mass
spectrometry. In our facility, when the mass of un
known ions exceeds 1000 u or when perfluorokerosene
and s-triazines fail to give reference peaks of adequate
intensities at high mass, Ultramark 1621 is frequently
used to provide reference peaks for high-resolution EI
and CI mass measurements.

In this article we report elemental compositions,
intensities, and accurate masses for molecular ions and
the major fragments of Ultramark 1621 for FAB-HRMS
in both positive and negative ion modes. Specific ex
perimental procedures are also described. In addition,
a table of exact masses for Ultramark 1621 under
EI conditions is given here to complement the table
of phosphazine reference ions published by Olson
et a1. [18].
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1222 Table 1. Ultramark reference masses for negative ion
fast-atom bombardment
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The chemical structure of Ultramark 1621 is as follows:

Results and Discussion

Figure 2. Positive ion FAB mass spectrum of Ultramark in an
»r-nitrobcnzyl alcohol (NBA) matrix. Experimental conditions:
ratio of Ultramark to NBA approximately 1/100; magnetic scan;
accelerating voltage 8 kV; resolution 1500. Peaks marked with an
asterisk belong to the second series identified in Table 2 (see
text).
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Intensity'

C,7H,70eN3P3F22

C,8H'90eN3P3F24

C,9Hn06N3P3F2a

C2oH1906N3P3f28

C21H,706N3P3F30

C22H,90eN3P3Fn

C23H,70eN3P3F34

CZ4H190eN3P3F36

C25H,706N3P3F38

C26H,90eN3P3F40

C27H,70eN3P3F42

C2aH,90eN3P3F44

C29H,706N3P3F46

C30H,906N3P3F46
C3 1H1706N 3 P3 F50
CnH'906N3P3F52

C33H,706N3P3F54

C34H,906N3P3F56

C35H,706N3P3F5a

C36H,906N3P3f60

C37H,706N3P3F62

C3aH,906N3P3F64

C,2H,30aN3P3f,a

C, 4H'3 0a N3 P3f20

C,5H150aN3P3f20

C,6H1306N3P3F24

C,7H1506N3P3F24

C,8H,306N3P3f28

C,9H1506N3P3Fn

CzoH130eN3P3Fn

C2,H,506N3P3f32

C22H,30aN3P3F36

C23H,50aN3P3f36

C24H,306N3P3f40

C25H150a N3 P3 F40
C26H,30aN3P3F44

C27H,50aN3P3F44

C29H,50aN3P3F.6

C31H,50eN3P3F52

C33H,506N3P3F5e

C35H,50aN3P3F60

Elemental composition

a Intensities normalized to the intensity of mlz 1221.99119.

"Intensities normalized to the intensity of m/z 1105.96628.

Table 2. Ultramark reference masses for positive ion
fast-atom bombardment

loss of CH 2(C 2F4 )n, where n ~ 1, 2, etc., from the first
series of ions gives rise to the second series of ions,
marked with an asterisk in Figure 1. The accurate
masses and elemental compositions of these two series
of ions are listed in Table 1.
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R = CH2(CF2CF2)nH, n = 1, 2 or 3.
The negative ion FAB spectrum of Ultramark in

triethanolamine (Figure 1) shows two series of ions
intense enough for accurate mass measurement. The
major peaks of the first series have chemical composi
tions of C15H1506N3P3F20(C2F4)n, with corresponding
nominal masses of 806 + lOOn, where n = 0-10. This
series of ions arises from the loss of an R group of the
phosphazines under negative ion FAB conditions. The

of Ultramark was determined by trial and error through
the stepwise addition of an Ultramark-dichloro
methane solution until reference signals were com
parable to that of the sample.

A split target can also be used to prevent the sup
pression effect, but to meet the requirements of ion
optics and to minimize contamination of the sample by
Ultra mark through sputtering during ion bombard
ment, special attention must be paid to the design of
the split target [3]. Such use of an "external reference"
has been shown to reduce accuracy [16].

Accurate masses in Tables 1, 2, and 3 were calcu
lated using the following monoisotopic masses [20]:
1H , 1.007825; 12C, 12.000000; 14 N , 14.003074; 160,

15.994915; 19 F, 18.998403; 31 p , 30.973762.
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'Inlensities normalized to the intensity of mlz 969.99151.

Elemental composition Intensity' Accurate mass

Table 3. Ultramark reference masses for positive ion
electron impact
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Conclusion

masses. The results agreed with our projected chemical
compositions with an accuracy of better than 1 mu.

Spectra obtained in the positive and negative ion
chemical ionization modes were similar to positive and
negative ion FAB spectra, so that the results presented
here also apply to the CI mode.

The chemical compositions and accurate masses of
major peaks of phosphazine under electron ionization
have been reported by Olson et al. [18]. Consistent
with their results, the positive ion mass spectrum of
Ultramark 1621 under electron ionization produced
two series of ions intense enough to be used as refer
ence peaks in the HRMS. They are the molecular ions
M+' of phosphazines, and ions attributable to loss of
(CFz)"H groups from M+', where n = 1, 2, etc. To
complement this list and to complete the tables of
accurate masses for Ultramark 1621, the chemical com
positions, accurate masses, and relative intensities of
the Ultramark 1621 peaks under electron ionization are
given in Table 3.

Ultramark has been successfully used for exact mass
measurements in the 700-1900 u mass range for both
negative and positive ion fast-atom bombardment
high-resolution mass spectrometry. Ultramark worked
well with most commonly used matrices such as glyc
erol, NBA, and triethanolamine. The suppression of
samples by Ultramark was minimized by adjusting the
ratio of Ultramark to the matrix or by using a split
target. For positive ion FAB, Uitramark is a good
alternative reference compound in cases where the
molecular weights of the compounds of interest are too
close to PEG reference peaks. For high-resolution EI
and CI mass measurement Ultramark 1621 can provide
reference peaks of adequate intensities up to 2000 u.

1320 1340 1360 1380 1400
M/Z

Figure 3. Accurate mass measurement of vitamin B' 2 molecular
and fragment anions using Ultramark as the reference compound
in an m-nitrobenzyl alcohol matrix. Experimental conditions:
ratio of Ultramark to NBA - 1/1000; vitamin B12 concentration
- 2 nmoljp.LNBA; voltage scan; accelerating voltage -8 kV;
resolution 10,000.
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C20H,.°6 N3 P3 F2.

C2,H1100N3P3F3()
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C23H110oNaPaF34

C24H,.OoNaPaF36

C25H1106NaPaF3.

C26H,.O.NaP3F40

C,1H110aNaP3F4'

C2oH,B06NaP3F44

C'9H'70a Na Pa F4B

CaoH'BOBNaP3F4B

C3IH1706N3P3Fs()

C32 H, . OBNaPaF.,
C34H,.OeNaP3Fs6

Ca6H ,.OeNa Pa F60

C3.H,.Oe N3 P3Fe4

The positive ion FAB spectrum of Ultramark in the
NBA matrix (Figure 2) shows two series of ions intense
enough to be used as references for accurate mass
measurement. They are protonated phosphazine
molecules [M + H]+ (m!z 922 + lOOn) and the ions
attributable to loss of (CF2)nH group from M+. Table 2
lists the accurate masses and elemental compositions
of these two series of ions. Martin et al. [16] have
shown that when hexakis(2,2,2,-trifluoroethoxy)cyclo
triphosphazene (m!z 729) was mixed with Fomblin
oil, only the molecular ion, M+- mrz 729, was ob
served. However, when a compound such as glycerol,
which has labile hydrogen atoms, was used as the
matrix, the molecular species observed were proto
nated molecular ions, [M + H]+. This is consistent
with our observation that when we used nitrobenzyl
alcohol as a matrix, the relative abundances of phos
phazines, M+', were always smaller « 20%) than [M
+ H]+ (Figure 2).

Vitamin B12 <Calculated M-' of 1354.567) and
a sapphyren sugar derivative (calculated M+' of
1032.533) were used as analytes in the negative and
positive modes, respectively, to check the correctness
of the listed masses. The accurate mass of the vitamin
B12 molecular ion was measured in the negative FAB
mode using a pair of Ultramark peaks from the first
series of the reference ions. The result of the vitamin
B12 experiment is shown in Figure 3. The measured
mass errors for vitamin B12 and sapphyren sugar
derivative were +1.5 and + 1.6 ppm, respectively. The
chemical compositions for the second series of peaks in
the negative ionization mode of Ultramark 1621 were
confirmed, using the first series of peaks as reference
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