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A novel method with quaternary ammonium salts as internal additives has been applied to the mass scale
calibration of time-of-flight secondary ion mass spectrometry (TOF-SIMS). Five kinds of quaternary am-
monium salts, octyltrimethylammonium bromide (C8TMA), tetradecyltrimethylammonium chloride
(C14TMA), octadecytrimethylammonium chloride (C18TMA), cetylpyridinium chloride (CPC) and ben-
zyldimethyltetradecylammonium chloride (Bzl) were diluted with distilled water and conc-NH; and were
mixed in equal quantities. The solution was added to Tinuvin 770 coated on a Si wafer. Then, the sample
was measured by TOF-SIMS. The relation between the relative mass accuracy of molecular ions of Tinuvin
770 and the combinations of ions selected for the mass scale calibration was investigated. To improve the
mass accuracy of the molecular ion of Tinuvin 770, ions should be selected for the mass scale calibration in
the following two ways: one way is for ions to consist only of molecular ions of CSTMA, C14TMA and
C18TMA, and the other way is for ions to include the molecular ion of CI8TMA, along with the CxHy
fragment ions. These results support the proposition of 1ISO 13084. The novel method with internal addi-
tives is effective to improve the mass accuracy of high-mass ions. Quaternary ammonium salts are potential

candidates of internal additives.

1. Introduction

Time-of-flight secondary ion mass spectrometry
(TOF-SIMS) has been recognized as one of the most
important surface analysis techniques. TOF-SIMS has
features of high mass resolution and wide mass range. To
extract information from the TOF-SIMS spectrum, hori-
zontal scale of the spectrum should change from
time-of-flight to mass by mass scale calibration. A con-
ventional method for the mass scale calibration is con-
ducted by extrapolation of several identified secondary
ions with low mass number [1, 2]. However, identifying
an unknown high-mass peak in the spectrum is difficult
because an accurate mass scale of the spectrum is not
obtained by the conventional method [3]. In 2011, ISO
13084 was formulated in terms of a procedure for the
mass scale calibration. According to the ISO 13084, the
mass scale calibration should be carried out by the use of
some ions with less degradation or fragmentation from
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the original parent structure. In addition, to identify
molecules with a larger mass m, the inclusion of an ion
with a mass m, which satisfies my > 0.55m is highly
recommended for the mass scale calibration. The effec-
tiveness of 1ISO 13084 was confirmed by an interlabora-
tory study [4]. It is, however, general that TOF-SIMS
spectra do not contain correctly identified ions which
satisfy my > 0.55m.

A practical method for mass scale calibration in
TOF-SIMS has been discussed by the TOF-SIMS work-
ing group (TOF-SIMS WG) which was established in
Surface Analysis Society of Japan in June 2007 [5 ~ 9].
One of the objectives of TOF-SIMS WG s to figure out
a novel mass scale calibration for improvement of the
mass accuracy of a high-mass ion. A novel method with
quaternary ammonium salts as internal additives has
been proposed [9]. ISO 13084 recommendations are met
by selection of molecular ions of quaternary ammonium
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salts for mass scale calibration. The novel method is ex-
pected to provide more accurate mass scale than the
conventional one. In this study, Tinuvin 770 (CgHsoN,Oy,
molecular weight 480.39 u), which is a popular UV sta-
bilizer, is used as the target sample. The effectiveness of
the novel method is evaluated by the use of Tinuvin 770
coated on a Si wafer. The relation between the relative
mass accuracy of molecular ions of Tinuvin 770 and the
combinations of ions selected for mass scale calibration
is investigated.

2. Experimental

Approximately a 10 mg granule of Tinuvin 770 was
dissolved into 1 ml of acetone and was coated on a hy-
drophilic-treated Si wafer by a spin-coater (3000 rpm, 1
min). Five kinds of quaternary ammonium salts with
different molecular weights were prepared as internal
additives: octyltrimethylammonium bromide (C8TMA),
tetradecyltrimethylammonium chloride (C14TMA), oc-
tadecytrimethylammonium (C18TMA),
cetylpyridinium chloride (CPC) and benzyldimethyl-
tetradecylammonium chloride (Bzl). These quaternary
ammonium salts were diluted with 10 ml of distilled wa-
ter and 20 pl of conc-NHj3 to approximately 1 mmol/l,

chloride
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respectively, and were mixed in equal quantities. The
mixed solution was the same as the one used in our pre-
vious reports [7, 9]. Several drops of the mixed solution
added to Tinuvin 770 coated on a Si wafer by a dropper.

The mass spectra of the sample were obtained by a
TOF-SIMS 5 (ION-TOF, GmbH) with a single-stage
reflection design [10]. Bi;"™ was used as a primary ion at
25 kV with a pulse width of 4.3 ns before bunching. The
relevant settings were: cycle time 150 ps, and region of
interest 200 x 200 pum? Energy of analyzer was set at
—1000 V. It was confirmed that intensity of secondary
ions are not saturated under these conditions. The elec-
tron shower for positive charge compensation was not
used in this work. Four different positions on the Si wa-
fer were measured to confirm repeatability of the relative
mass accuracy of secondary ions.

3. Results and discussion

Figure 1 shows positive TOF-SIMS spectra of Tinuvin
770 coated on a Si wafer with and without internal addi-
tives. A molecular ion derived from Tinuvin 770 was
observed as C,gHs3N,O," by addition of a hydrogen ion.
In the case of with internal additives, not only the mo-
lecular ion of Tinuvin 770, but also molecular ions of
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Fig. 1 Positive TOF-SIMS spectra of Tinuvin 770 coated on the Si wafer with (upper) and without

(lower) internal additives.
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quaternary ammonium salts were clearly detected:
C1HyN* derived from C8TMA, Cy7H3N™ derived from
C14TMA, C,H3sN™ derived from CPC, CpHiN™ de-
rived from C18TMA, and C,3H,,N" derived from Bzl.
C8TMA, C14TMA and C18TMA are alkali quaternary
ammonium salts and have similar chemical structures.
Therefore, molecular ions of these alkali quaternary
ammonium salts were actively selected for mass scale
calibration in this study.

Along the lines of ISO 13084, we defined the mass
accuracy, AM, as the difference between the measured
peak mass, M,, and the true mass, My, given by:

AM = Mp - MT (1)

and the relative mass accuracy, W, when expressed nu-
merically in parts-per-million by:

W =AM | My x 10° (2)

First, a mass scale calibration was conducted by CxHy
fragment ions or molecular ions. Table 1 shows combi-
nations of ions selected for mass scale calibration, which
consist only of CxHy fragment ions or molecular ions
derived from internal additives. Combinations A and B
have been selected by interlaboratory tests among
TOF-SIMS WG [5, 8]. Combination C consists of the
CxHy fragment ions with degree of unsaturation, DU, 1.5
and has been selected by our previous report [7, 9]. The
degree of unsaturation of CxHy fragment ion is the index
of hydrogen deficiency and is given by:

DU=1+X-Y/2 3)

X and Y are the number of carbon atoms and hydrogen
atoms, respectively. Combination D consists of molecu-
lar ions of C8TMA, C14TMA and C18TMA. Fig. 2

Table 1 Combinations of ions selected for mass scale
calibration, which consist only of CxHy fragment ions or
molecular ions derived from internal additives.

Combination lons selected for mass scale calibration
A CHjs, C;H3, C3Hs
B C, CH, CHy, C4Hs, C4H;
C CH, C,Hs, C3Hs, C4H, CsHg
D C8TMA, C14TMA, C18TMA
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shows the difference of relative mass accuracy of
Tinuvin 770 among combinations A ~ D. The relative
mass accuracy was confirmed by four repeat measure-
ments at different measurement points. The repeatability
is ensured to discuss on the difference among combina-
tions. The relative mass accuracy of Tinuvin 770 with
combination B is better than with combinations A and C.
This trend is inconsequential considering the distribution
of relative mass accuracy of CxHy fragment ions, as
shown in previous report [3, 9]. On the other hand, the
relative mass accuracy of Tinuvin 770 is improved by
combination D and indicates approximately +11ppm on
average. When molecular ions of CSTMA, C14TMA and
C18TMA were used for the mass scale calibration, the
relative mass accuracy of low-mass CxHy fragment ions
indicated negative values [7, 9]. Considering the colli-
sion cascade model of the static SIMS, CxHy fragment
ions are expected to be generated at the center of the
primary ion bombardment and to have higher kinetic
energy than molecular ions [11, 12]. When secondary ion
has high kinetic energy, the relative mass accuracy of the
secondary ion indicates negative values. Therefore, the
mass scale calibration with low-mass CyxHy fragment
ions leads to the degradation of the relative mass accu-
racy of high-mass molecular ions. Combination D which
consists only of molecular ions improves the relative
mass accuracy of Tinuvin 770.

Second, mass scale calibration was conducted by
CxHy fragment ions and one of the molecular ions de-
rived from internal additives. Table 2 shows these com-
binations and ma/m. Combinations A’ ~ C’, A” ~ C” and
A’ ~ C”” include one of the molecular ions of CBTMA,
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Fig. 2 Difference of relative mass accuracy, W, of

Tinuvin 770 among combinations A ~ D. Values of relative
mass accuracy were confirmed by four repeat measure-
ments at different measurement points.
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Table 2 Combinations of ions selected for mass scale
calibration, which consist of CxHy fragment ions and one
of the molecular ions derived from internal additives, and
ma/m.

Combination lons selected for mass scale calibration ma/m
A CHjs, C;H3, C3Hs C8TMA 0.36
B' C, CH, CH,, C4Hs, C4Hs, CBTMA 0.36
c CH, C,Hj;, C3Hs, C4H;, CsHy, CBTMA 0.36
A" CHjs, C,H3, C3Hs CI4TMA 0.53
B" C, CH, CH,, C4Hs, C4Hs, C14TMA 0.53
c" CH, C,Hj;, C3Hs, C4H;, CsHgy, CI4TMA 0.53
A" CHjs, C,H3, C3Hs C18TMA 0.65
B" C, CH, CH,, C4Hs, C4Hs, C18TMA 0.65
c" CH, C,Hj;, C3Hs, C4H5, CsHy, CISTMA 0.65

C14TMA and C18TMA, respectively, along with CxHy
fragment ions. Figure 3 shows the difference of relative
mass accuracy of Tinuvin 770 among combinations A’ ~
C’, A” ~ C” and A”” ~ C’”. Relative mass accuracy of
Tinuvin 770 is converged by addition of one of the mo-
lecular ions, in comparison with combination A ~ C as
shown in Fig. 2. Relative mass accuracy of Tinuvin 770
is improved with high ma/m values. Combinations A ~
C’” have ma/m values which satisfy the ISO recommen-
dation and provide the best relative mass accuracy, ap-
proximately —6ppm on average of combinations A ~
c™.

Several problems still remain unsolved for applying
the mass scale calibration with internal additives to a
practical analysis. Since quaternary ammonium ions used
as internal additives in this study are surfactant agent,
there is concern that the target material is removed or
changed by Therefore, both
TOF-SIMS measurements with and without internal ad-
ditives are required to confirm that the target peak re-
mains unchanged, as previously shown by Fig. 1. One of
the other ways to identify an unknown target peak at
high mass region is an iterative mass scale calibration
which starts with identifying a particular low-mass peak.
It is often possible to progressively identify peaks higher
up the mass scale until the condition for my > 0.55m is
fulfilled. When internal additives are not available, this
way may be useful.

internal  additives.

4. Conclusion
Relative mass accuracy of the molecular ion of
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Fig. 3 Difference of relative mass accuracy, W, of Tinuvin
770 among combinations A’ ~ C’, A” ~ C” and A’ ~ C”.
Values of relative mass accuracy were confirmed by four
repeat measurements at different measurement points.

Tinuvin 770 is improved by the novel method with qua-
ternary ammonium salts as internal additives. To improve
the mass accuracy of the molecular ion of Tinuvin 770,
ions should be selected for the mass scale calibration in
the following two ways: one way is for ions to consist
only of molecular ions of C8TMA, C14TMA and
C18TMA, and the other way is for ions include the mo-
lecular ion of C18TMA which satisfy m, > 0.55m, along
with the CxHy fragment ions. These results support the
proposition of 1SO 13084. In conclusion, the novel
method with internal additives is more effective to im-
prove the mass accuracy of high-mass ions than the con-
ventional one. Quaternary ammonium salts are potential
candidates of internal additives.
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