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Methoxymethylbenzoguanamine resins were analyzed by matrix-assisted laser desorption/ionization time-
of-flight mass spectrometry (MALDI-TOF-MS) and electrospray ionization mass spectrometry (ESI-MS). In the
case of MALDI-TOF-MS measurements, they could not be characterized because fragmentation occurred
considerably. On the ESI-MS measurement, optimization of needle voltage, cone voltage, and cationizing agent
made their molecular-related ions intense with little fragmentation. Cluster ions were formed owing to hydrogen
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bond among their complex components. Gel permeation chromatography (GPC) was used to fractionate the
resins. As a result, different oligomer components could be characterized in detail.

1. Introduction

Amino resins such as melamine resin and
benzoguanamine resin are widely used in coating in-
dustry as binders or crosslinkers of alkyd resin, polyes-
ter, acrylic resin and epoxy resin. They are synthesized
as follows. At first, melamine or benzoguanamine is
treated with formaldehyde to form hydroxymethyl
groups, and then they are converted to alkoxymethyl
groups by condensation with alcohol.’»? Amino resins
are complex mixtures of components with different
degrees of hydroxymethylation and alkoxymethyla-
tion. They also contain oligomer components. Repre-
sentative components of methoxymethylbenzoguana-
mine resin were shown in Fig. 1.

The structure of amino resins has been analyzed by
IR and NMR.?»*% Molar ratios of formaldehyde and
alkyl group to melamine or benzoguanamine were de-
termined by NMR analysis.¥ However, these tradition-
al approaches give their general profile. For further
understanding of their physical properties, it is impor-
tant to obtain more detailed structural information of
these complex components. Some groups tried to ana-
lyze them by liquid chromatography (LC).>»® Howev-
er, it was difficult to characterize these complex compo-
nents by UV-Vis and RI detectors, which give little
structural information.

Many researchers have been interested in the struc-
tural characterization of amino resins by mass
spectrometric analysis. Melamine resins were analyzed
by FD (field desorption),”® FAB (fast atom bombard-
ment),? ¥ and TSP (thermospray).!> 'Y Fragmentation
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occurred during the measurements, because amino
resins are thermally labile. Therefore, it was difficult to
characterize them by the mass spectrometric measure-
ments using these ionization methods. Matrix-assisted
laser desorption/ionization (MALDI)!?' and elec-
trospray ionization (ESI)'®'” have been developed as
effective soft ionization methods. Many researches on
the application of these technique have been reported
to analyze high molecular weight and thermally labile
compounds, which otherwise were difficult to be analy-
zed by other ionization methods.'®2% Nielen et al.
reported ESI-MS analysis using gel permeation chro-
matography (GPC), capillary electrophoresis (CE), and
LC.2Y However, the characterization of the oligomer
components was insufficient, because the fragmenta-
tion occurred under their condition.

In this report, we examine ESI-MS and MALDI-TOF-
MS analysis of benzoguanamine resin. Our purpose is
to search for the optimum condition to detect their
molecular-related ions.

2. Experimental

Methoxymethylbenzoguanamine resins were ob-
tained by the reaction of benzoguanamine, para-
formaldehyde, and methanol as described in litera-
ture.” After the reaction, methanol and formaldehyde
were removed at 90°C under vacuum and then dis-
solved into 3-methoxy-3-methylbuthanol (MMB). Two
types of resins A and B were synthesized; A (weight-
average molecular weight (M,,)=225, number average
molecular weight (M,)=220, M,,/M,(D)=1.16) contains
a little amount of oligomer component, and resin B
(M, =454, M,,— 340, D=1.34) does many oligomer com-
ponents. TOSOH GPC 8010 was used for the GPC
fractionation using four TSKgel G2000H8 (TOSOH) as
GPC column. Two mL of 7 wt% sample solution was
injected. Chloroform was used as eluent at a flow rate
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Fig. 1.

Typical structures included in methoxymethyl-benzoguanamine resin. Components of the resin were abbreviated

as (a, b, ¢): a, number of benzoguanamine; b, adduct number of formaldehyde; ¢, adduct number of methanol.
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Fig. 2. Effects of cationizing agents on ESI mass spectra for benzoguanamine resin: (a) none, (b) CH;COOH (0.1 v/v%), (c)
CH3COONH, (0.01 M), (d) Nal (0.05 mM) with sample concentration 50 x#g/mL, needle voltage HV=3.0 kV, and

cone voltage CV=30 V.

5 mL/min.

Average molecular weight of benzoguanamine resins
and their GPC fractions were analyzed with TOSOH
GPC 8220 by the use of GPC column TSKgel G5000Hx,
G4000Hx, G3000Hx1, and G2000Hx. (TOSOH). A hun-
dred uL of 0.4 wt% sample solutions were injected.
Tetrahydrofuran was used as eluent at a flow rate 1
mL/min.

Benzoguanamine resin (1 mg) and NaClO4 (1-10 mg)
were dissolved in acetonitrile (1 mL), and the solution
was mixed with equal volume of saturated matrix
solutions in acetonitrile. The mixture was applied on
the stainless target and dried at room temperature.
a-Cyano-4-hydroxybenzoic acid (CHCA), 2,5-dihy-
droxybenzoic acid (DHB), and dithranol were used as
matrix molecules. Positive ion MALDI spectra were

obtained in reflectron mode using AXIMER CFR
(Shimadzu) fitted with a pulsed nitrogen laser (337 nm).
Monoisotopic peaks of CHCA (m/z 190.1), angiotensin
II m/z 1047.2), and insulin (human) (m/z 5808.7) were
used for the mass calibration.

ESI mass spectra were obtained with a single quad-
rupole mass spectrometer ZQ-4000 (Waters, USA) in
the positive ion mode. A methanol sample solution
(10-100 ug/mL) containing the cationizing agents Nal,
CH3COONH,, or CH3COOH was infused by syringe
pump at a flow rate 10 #L/min. The needle voltage
(HV) was set at 1.5-5.0 kV, and the cone voltages (CV)
were varied, 15 to 50 V. The ion source temperature
was 80°C and cone gas flow was 50 L/min. The
desolvation Ny gas flow was set at 350 L/h and temper-
ature at 150°C.
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Fig. 3. Effect of cone voltage on ESI mass spectra: (a) CV=20, (b) 25, (c) 30 V with sample concentration 100 zg/mL and

HV=3.0kV.
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Fig. 4. Effect of sample concentration on ESI mass spectra: (a) 10, (b) 50, (c) 100 xg/mL with HV=3.0 kV and CV=25 V.

3. Results and Discussion

Benzoguanamine resins were analyzed by MALDI-
TOF-MS. The effects of matrix molecule, laser power,
and amount of cationizing agent NaClO, were in-
vestigated. Among DHB, CHCA, and dithranol, CHCA
matrix gave the most intense peak. Na™ adduct and
protonated molecular-related ions were detected. In
spite of the optimization of matrix molecule, laser
power and amount of NaClO,, the fragmentation
occurred. The fragment ions were generated by the
elimination of some methanol molecules from the mo-
lecular related ions.”'® 2V It indicates that MALDI-
TOF-MS is not suitable for the detection of benzo-
guanamine resins.

Benzoguanamine resins were also analyzed by
ESI-MS. In order to intensify the molecular-related
ions with little fragmentation, the optimum conditions
for the ESI-MS measurement were investigated using
resin A.

The effect of cationizing agents was examined by the
use of CH3COOH, CHsCOONH,, and Nal. Mass spec-
trum in the range of m/z 230-340 at HV=3.0 kV and
CV=30V was shown in Fig. 2. Without cationizing
agent, Na® adduct ions were detected with weak frag-
ment ions [Fig. 2(a)]. When the sample solutions con-
tain 0.1 v/v% CH3COOH'™ or 0.01 M CHsCOONH,4!?- 11
as reported in the ESI-MS analysis of melamine resins,
Na™ adduct and protonated ions were observed [Figs.
2(b), (c)]. However, intense protonated fragment ion
was detected at m/z 244, which is generated by the
elimination of a methanol molecule from the compo-
nent (1, 2, 2).7719: 21 The use of Nal made the molecular-
related ions intense with little fragmentation [Fig. 2(d)].
Generally, fragmentation for Na® adduct ions is less
than for protonated ions.??>2¥ Sodium salts as cationiz-
ing agents are suitable for ESI-MS measurements of
thermally labile compounds such as amino resins. The
effect of Nal concentration, varying 0-0.1 mM, with a
constant resin concentration (50 ug/mL) was studied.
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Fig. 5. ESI mass spectra of the GPC fractions of benzoguanamine resin: (a) f-1, (b) f-2, and (c¢) f-3 with sample
concentration 100 zg/mL, HV=3.0 kV and CV=25V. O; components which contain MMB; [ ], polyoxymethylene.
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With increase of Nal concentration to 0.05 mM, the ion
intensities increased. At the concentration more than
0.05 mM, the dependence of Nal concentration was
little.

The effect of HV, varying 1.5-5.0 kV, was studied at
CV=30V. In the range of HV<1.5kV, no ions was
detected. At HV >2.0 kV, the ion intensities increased
with HV. However, at HV>35kV, a fragment ion
(m/z 244) increased. The effect of CV, varying 15-50
V, was also studied at HV=3.0 kV. The ion intensities
were the largest at CV=40 V. However, at CV>30V,
the fragment ion (m/z 244) increased with CV.

The effect of CV between 20-30 V was investigated
using resin B (Fig. 3). With decrease of CV, dimer ions
at m/z 600-760 increased. The effect of the resin
concentration was also studied using resin B. In the
range of 10-100 ug/mL, the dependence of the resin
concentration on the total ion intensity was little.
However, dimer ions increased with the resin concen-
tration (Fig. 4).

Possibly these ions are present as true dimer ions or
as cluster ions with hydrogen bond among the mono-
mer components. For example, the peak at m/z=691 is
the Na® adduct ion of true dimer component (2, 9, 8) or
the Na*t adduct cluster ion between (1, 3, 3) and (1, 4, 3),
or (1,3,2) and (1, 4, 4) etc.

Resin B was divided into three fractions using GPC
to characterize oligomer components; (M, M, D)=
(263, 254, 1.04) for £-1, (549, 512, 1.07) for £-2, (956, 863,
1.11) for £f-3. The mass spectra of these fractions were
shown with the assignments of their main components
in Fig. 5. The GPC measurement indicates that f-1 has
few true dimer components, whereas the ESI-MS spec-
tra show intense peaks due to the dimer ions [Fig. 5(a)].
This indicates that cluster ions are formed through
hydrogen bond among the monomer units. The MS
spectrum shows f-2 contains monomer, dimer and
trimer components. In the case of f-8, single Na™
adduct dimer, trimer and tetramer ions were detected
with tetramer ions of double Na™ adduct at m/z 600-
750. The peaks at m/z 370, 400, 414, 430, and 444 are
due to Na' adduct ions of benzoguanamine compo-
nents which contain MMB molecules [Figs. 5(a), (b)].
This indicates that MMB can react the hydroxymethyl
groups instead of methanol. In the MS spectrum of -2,
Na* adduct ions of polyoxymethylene [CH3O(CH;O),
CHs] at m/z 369 (n=10) and 399 (n=11) appeared.

4. Conclusion

ESI-MS was suitable for the analysis of benzo-
guanamine resins, but not MALDI-MS. Optimization
of the ESI conditions enabled to detect the molecular-
related ions without fragmentation. In the ESI-MS
spectra, the oligomer ions could not been different-

iated from the cluster ions which are formed through
hydrogen bond. Therefore, GPC fractionation for pre-
treatment of ESI-MS analysis was useful for detailed
characterization of the oligomer components.
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