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ABSTRACT

Mass spectrometry using the potassium ionization of desorbed
species (K'IDS) technique was found to be an unusually fruitful
method to characterize 2(2-hydroxyphenyl)2H-benzotriazole
derivatives. This class of compounds has the proper molecular
weight range of 200 up to more than 1000 daltons (Da) and the
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proper volatility to show readily desirable concentrations in the
mass spectrometer. This class of compounds is stable under the
conditions of measurement which allows the determination of
their purity. 2(2-Hydroxyphenyl)2H-benzotriazoles have recent-
ly been used most extensively for the ultraviolet stabilization of
polymeric materials. In this work, over 100 2(2-hydroxy-
phenyl)2H-benzotriazoles have been characterized by K'IDS
mass spectrometry.

INTRODUCTION

Potassium Ionization of Desorbed Species (K'IDS) is a mass spectromet-
ric technique for the determination of compounds with molecular weights
between 100 and 2000 daltons (Da) with minimal molecular fragmentation [1-4].
Sample molecules are deposited in close proximity to a filament where they are
radiatively heated at a very fast rate and intact molecules evaporate with minimal
thermal decomposition. Subsequently, the molecules are ionized by an ionization
technique based upon the thermionic emission of potassium from an aluminosil-
icate matrix containing K,O. The molecular weight is determined by subtracting
from the mass of the pseudomolecular ion peak, [M]K', the average atomic
weight of the potassium ion, 39.1 Da. An improved computerized procedure to
rapidly and effectively make molecular weight determinations of organic com-
pounds including the detection of oligomers was developed [5]. This technique
has been most useful for the analysis of oligomer compositions obtained from the
study of the embryonic state of polymerizations [6] or for the characterization of
modern coatings components [7, 8].

Over the last decade and a half, we have studied intensively the synthesis,
characterization and photochemistry of 2(2-hydroxyphenyl)2H-benzotri-azole
derivatives. First, we investigated the 5-vinyl- and 5-isopropenyl-substituted 2(2-
hydroxyphenyl)2H-benzotriazoles [9-20], the UV ineffective 4-hydroxy com-
pounds, and the multi benzotriazole substituted multiphenols [21-24] and the
multinuclear phenols [25]. Resorcinol and phloroglucinol provided an excellent
source for 4-substituted and 4,6-disubstituted 2(2-hydroxy-phenyl)2H-benzotria-
zoles [26-34], and also 2(2-hydroxyphenyl)2H-benzotria-zoles that have sub-
stituents in the 5'-position. These compounds allowed the synthesis of 2(2-
hydroxyphenyl)2H-benzotriazoles with significant absorption at 400 nm which is
required for optical UV lens applications [35-37]. 2(2Hydroxy-phenyl)2H-ben-
zotriazoles with substitution on the 5 position in the phenyl ring provided a new
family of compounds. One group of these compounds had a tert. butyl group in
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the 3-position and allowed the synthesis of surface active UV stabilizers with
long fluorocarbon, silicon and hydrocarbon chains. Surface active polymerizable
ultraviolet 2(2-hydroxyphenyl)2H-benzotriazoles were made be reacting the 3-
unsubstituted 2(2-hydroxyphenyl)2H-benzotriazoles with methylol(meth)acry-
lamide or methylolmaleimide to give the 3-methyleneamido- compounds. The 3-
tert. butyl- 5-(3'-hydroxypropyl) 2(2-hydroxyphenyl)2H-benzotriazoles reacted
with unsaturated carboxylic acid derivatives and provided UV stabilizers for dry-
ing oils and oriental lacquer compositions [55].

In addition to the synthesis of regular 2(2-hydroxyphenyl)2H-benzotria-
zoles, 2(2-hydroxyphenyl)2H-benzotriazoles suitable for incorporation into con-
densation polymers, i.e., polyesters, polycarbonates and polyamides, were also
synthesized and studied.

Polymerizable 2(2-hydroxyphenyl)2H-benzotriazoles were incorporated
into polymers by copolymerization, by grafting, by addition to double bond pres-
ent in the polymer structures and by polymer reactions.

The polymer effect of the 2(2-hydroxyphenyl)2H-benzotriazole moiety
was also investigated, as was the photochemistry and the photophysics of 2(2-
hydroxyphenyl)2H-benzotriazoles, the as well as fundamentals and the “polymer
effects.”

EXPERIMENTAL

Measurements

Molecular weight determinations (reported as monoisotopic values in
Daltons, Da) [where one Dalton is defined as 1/12 of the mass of an atom of car-
bon of the isotope mass of carbon 12] were obtained using the K'IDS measure-
ment technique. They were performed on a modified Finnigan 4615B quadrupole
GC/MS system. An EI source configuration was used in all experiments.The
experimental details of the K'IDS technique can be found in Reference 4.

Molecular Weight Calculations

K'IDS is a soft ionization technique affording molecular ions as [M]K"
with little or no fragmentation. Therefore, we will only discuss the molecular ion
region of the spectra and the mass definitions pertaining to this region [38]. The
nominal mass, which is what we will report throughout the manuscript, is calcu-
lated using the most abundant isotopes without considering the mass defect i.e.,
H=I,C=12,N=14,0 =16, F =19, Cl = 35, K = 39, etc. The monoisotopic



Downl oaded At: 12:28 24 January 2011

1272 STOEBER ET AL.

mass calculated from the most abundant isotopes takes into account the mass
defect i.e., H=1.0078, C = 12.0000, N = 14.003 1, 0 = 15.9993, F = 18.9984, Cl =
34,9688, K = 39.0984. Unfortunately, quadrupole mass spectrometers do not
have enough resolving power (R~1000) to provide such exact mass data.
However, ultrahigh resolution Fourier transform ion cyclotron resonance mass
spectrometry has recently been shown to furnish isotopic fine structure for pro-
teins [40] The average mass is calculated from the average masses of the ele-
ments and is then weighed for abundance i.e., H=1.008, C = 12.01, N = 14.01,
0=15.96,F =19.00 Cl =35.46, K=39.11.

Selected 2(2-Hydroxyphenyl)2H-benzotriazoles

A selected group of 2(2-hydroxyphenyl)2H-benzotriazole derivatives are
mentioned specifically, the rest of the compounds are shown in Tables 1 to 8
[9-34, 41-64]

Substituted 2(2,4-Dihydroxyphenyl)2H-benzotriazoles
2(2,4-Dihydroxyphenyl)-2H-benzo-triazole (BDH)

The K'IDS spectrum of BDH showed the pseudomolecular ion peak
[M]K" at 266 Da, corresponding to a species with a nominal molecular weight of
227 Da; the nominal molecular weight of BDH is 227 Da. There is also a minor
peak at 304 Da, ca. 10% abundance, which we attribute to the potassium salt of
[BDH]K [where the H of the phenolic hydroxyl group is replaced by K].

2(2,4-Dihydroxyphenyl) 2H-5"fluorobenzotriazole (FBDH). The K'IDS spec-
trum of FBDH showed the pseudomolecular ion base peak at 245 Da, which cor-
responds to the molecular weight of FBDH. This is quite interesting because we
expected the peak at 284 Da (245 + 39). As will become evident soon, this is also
the case for most of the 2(2,4-dihydroxy-phenyl)2H-benzotriazoles that have an
electron donating group in the 5 position of the benzotriazole ring, vide INFRA.
The K'IDS spectrum showed also the expected isotope peaks at 246 and 247 Da
supporting a compound with a molecular formula of [C,,HgN,CIO;]K".

2(2,4,6-Trihydroxyphenyl) 2H-5"-chlorobenzotriazole (CIBTH). The K'IDS spec-
trum of CIBTH showed the pseudomolecular ion peak at 277 Da plus isotopes.
The ions at mass 277-281 Da are due to the more complex chlorine containing
isotope distribution. Once again, no potassium is involved in the ions which
closely corresponds to the molecular weight of CIBTH (277 Da). We anticipated
apeak at 316 Da (277 + 39). The isotope peaks observed at 278 Da, 279 Da and
280 Da, display a characteristic one-chlorine isotope pattern.
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2(2,4-Dihydroxyphenyl) 2H-5"-chlorobenzotriazole (CIBDH). The K'IDS spec-
trum of CIBDH showed the base peak at 261 Da, which is due to the monoiso-
topic peak of CIBDH (261 Da). The peak was expected at 261 + 39 = 300 Da.
Adjacent isotope peaks are also observed at 262 Da, 263 Da, and 264 Da and dis-
play the expected one-chlorine isotope pattern.

2(2,4-Dihydroxyphenyl) 2H-5",6"-dichlorobenzotriazole (DCIBDH). The K'IDS
spectrum of DCIBDH showed the pseudomolecular ion peak at 296 Da which
corresponds to the molecular weight of DCIBDH. There are less abundant peaks
corresponding to the isotope peaks of C, N, H, K and especially Cl. There is also
a peak at 295 Da, about 90% the intensity of the base peak. This ion peak is most
probably due to the loss of one proton from the molecule. Another species giv-
ing a peak of about 50% the intensity of the base ion peak, appears at 262 Da, a
difference of 34 Da with respect to DCIBDH. This ion peak could be due to
DCIBDH replacing one chlorine atom for a hydrogen atom, the hydrogen atom
coming from the species with MW 295 Da.

2(2,4-Dydroxy-5-phenyl] 2H-1,3-bis-(5 -chlorobenzotriazole) (CIDBDH). The K'IDS
spectrum of CIDBDH showed the pseudomolecular ion peak at 451 Da. There is
a ’C isotope peak at 452 Da and a more intense chlorine el peak at 453 Da.
The weighted average of these peaks will yield the average molecular weight of
CIDBDH.

2(2-Hydroxy-5-[2-hydroxyethylphenyl]) 2H-benzotriazole (HHEPB). The K'IDS
spectrum of HHEPB (255 Da) showed the pseudomolecular ion peak at 294 Da,
which corresponds to a molecular weight of 255 Da (294- 39). No isotope peak
was observed at 295 Da which we attribute to a weak signal but there was a small
ion peak (<10%) at 296 Da, whose origin is due to the pseudomolecular ion peak,
[M]K', for the potassium K isotope.

2(2-Hydroxy-5-[3-carboxyethylphenyl]2H-benzotriazole (BHP4). The K'IDS
spectrum of BHPA showed the pseudomolecular peak at 322 Da. After subtract-
ing the atomic weight of the potassium ion, a molecular weight of 283 Da was
calculated. The calculated average molecular weight is 283 Da. The isotope
peaks are small, but support a C, H, O, and N containing compound.

2(2-Hydroxynaphthalene)2H-benzotriazole ~ (1B2HN) and 2(4-hydroxynaphtha-
lene)2H-benzotriazole (4BIHN). The K'IDS spectra of 1B2HN and 2B1HN were
almost identical to each other, with the pseudomolecular ion peak found at 300
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Da, which corresponds to a compound with a molecular weight of 261 Da. For
the two compounds, the nominal molecular weight is 261 Da; 1B2HN and
4B1HN are isomers thus one expects identical K'IDS spectra. 1B2HN has the
hydroxyl group ortho- to the benzotriazole moiety while 4BIHN has the
hydroxyl group para- to the benzotriazole group. The K'IDS spectrum of
4B1HN is very clean, the only ion peaks appearing correspond to the isotopes at
301Da, 302 Da, and 303 Da. The isotope patterns support structures with a mol-
ecular formula of [C,,H;,N;0]K".

2 [2-Hydroxy-(polydimethylsiloxanylethyl-3-carboxyethyl)phenyl] 2H-benzo-triazol
(PDMS-BHMP4). The methylene carbinol terminated polydimethylsiloxane used
in this work is an ethylene oxide-dimethylsiloxane-ethylene oxide block terpoly-
mer consisting of 75-80% ethylene oxide units. The K'IDS spectrum of the
product showed several ion peaks ranging from 215 Da up to 906 Da, with the
peaks decreasing in intensity after the base peak at 447 Da, the peak which cor-
responds to a species with a molecular weight of 408 Da. The molecular weight
of BHMPA is 380 Da. A molecular weight of 408 Da could indicate that under
the experimental conditions at which the K'IDS spectrum was obtained there was
a substantial amount of fragmentation implying decomposition. As evidenced in
the spectrum, the more intense peaks are separated by an average 44 Da, which
is the weight of one oxyethylene unit. Starting at 215 Da, there are at least 18
peaks separated by 44 Da, so that the poly(dimethyl siloxane) oligomer must
have some chains with at least 19 dimethylsiloxane units. On the other hand, the
reported average molecular weight of the carbinol terminated PDMS is 1250 Da
which would give an average number of dimethylsiloxane units of 5 to 6.

2[2-Hydroxy-(2-perfluoroalkylethyl 3-carboxethyl) [phenyl]2H-benzotriazol —(PFAE-
BHMPA). The K'IDS spectrum of PFAE-BHMPA showed a base peak at 864 Da
due to the pseudomolecular ion and corresponding to a species with a molecular
weight of 725 Da. Both the elemental analysis and the K'IDS spectrum appear
to agree on a molecular weight of 825-827 Da for PFEA-BHMPA, which would
correspond to a species for which the perfluroalkylethyl part of the molecule has
on the average 7 perfluoromethylene units, corresponding to a molecular weight
for the perfluoroalkylethyl group of 461 Da. There is also a much smaller peak,
ca. 5% of the intensity of the base peak, with a molecular weight of 725 Da, pos-
sibly the ionized PFEA-BHMPA, and finally, there is a peak at 964 Da, ca. 28%
as intense as the base peak, corresponding to a species with a molecular weight
exactly 100 Da higher than PFAE-BHMPA. These differences are due to a
species with two additional difluoromethylene groups (C,F, = 100 Da).
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2(2,4-Dihydroxy-6-methylpyrimidyl) 2H-benzotriazole (BDMPy). The K'IDS
spectrum showed a pseudomolecular ion peak at 282 Da which would correspond
to a species with a molecular weight of 243 Da, which is the molecular weight of
BDMPy. There is a much smaller peak due to a pseudomolecular ion with a
weight of 306 Da, which would correspond to a species with a molecular weight
of 267 Da, 24 Da heavier than BDMPy.

Polymerizable Substituted 2(2,4-Dihydroxyphenyl) 2H-benzotriazoles

2(2-Hydroxy-4-(3-methacryloxy-2-hydroxypropoxy) 2H-benzotriazole (BDHG). The
K'IDS spectrum of BDHG showed a pseudomolecular ion peak at 408 Da. The
molecular weight of BDHG was found to be 369 Da, which agrees with the cal-
culated nominal molecular weight of 369 Da. There are some less intense sec-
ondary peaks (<20% of base peak intensity) found at 409, 410, and 411 Da,
which are due to isotopes. Another cluster of peaks was observed at 476 Da
which corresponds to a species with an extra methacryloyl group (mass of group
minus condensation unit), probably from substitution also on the second - hin-
dered 2-hydroxy-group.

2(2-Hydroxy-4-(3-methacryloxy-2-hydroxypropoxy)2H-5"-chloro-benzotriazole
(CIBDHG). The K'IDS spectrum of CIBDHG gave a pseudomolecular ion peak
at 442 Da, which corresponds to a molecular weight for CIBDHG of 403 Da. The
calculated average molecular weight is 403,83 Da . There is a less intense sec-
ondary peak at 443 Da (< 25%), due to hydrogen and carbon isotopes, and
another one found at 444 Da (< 40%) due to the chlorine 37 isotope. In the lower
molecular weight range, there is another peak (ca. 35%) which belongs to a
species with a molecular weight of 323 Da, a weight difference of 80 Da. This
peak does not show the chlorine isotope ion peak.

2(2-Hydroxy-3-acrylamidomethyl-5-methylphenyl) 2H-benzotriazole (2H3A5M).
The K'IDS spectrum showed the pseudomolecular ion peak at 347 Da which
gives for 2H3A5M a molecular weight of 308 Da; the calculated molecular
weight is 308 Da. Present also are isotope peaks at 348 Da, 349 Da and 350 Da
supporting a molecular formula of [C,,H,(N,0,]K".

2(2-Hydroxy-3-methacrylamidomethyl-5-(2-carboxyethyl) phenyl)2H-benzotri-azole
(BHMP4). The K'IDS spectrum of BHMPA showed some interesting features. It
showed the pseudomolecular ion peak at 419 Da, which corresponds to a com-
pound with a molecular weight of 380 Da, while the calculated molecular weight
of BHMPA is 380 Da. The spectrum showed also several additional smaller
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peaks. One peak, with ca. 25% abundance, appeared at 433 Da. This would cor-
respond to a compound with an additional nitrogen atom or an additional meth-
ylene group. Moreover, there are smaller peaks found at 516 Da (ca. 15% inten-
sity), 617 Da (ca. 10%) and 714 Da (ca. 3%). The weight differences are 97 Da,
101 Da, and 97 Da, respectively. The weight of the methacrylamidomethyl moi-
ety is 98 Da. This data would appear to indicate that there has been multiple sub-
stitutions on the phenyl ring, with molecules having up to three methacryl-
amidomethyl groups. On the other side, there are several peaks with lower MW.
Of the more relevant ones, there is one at 380 Da ([M]K " minus 39 Da) with a ca.
15% abundance which corresponds to the molecular ion peaks. Another peak is
found at 322 Da, a difference of 97 Da with respect to the pseudomolecular ion
peak. This could mean that while some ions are losing methacrylamidomethyl
groups, other ions are gaining units of that molar mass. The ion peak corre-
sponding to the potassium salt of the carboxylate was not observed.

2(2-Hydroxy-3-methacrylamidomethyl-5-methylphenyl) 2H-benzotriazole
(2H3M5M). The K'IDS spectrum of 2H3M5M showed the pseudomolecular ion
peak at 361 Da which gave for 2H3M5M a molecular weight of 322 Da; the cal-
culated molecular weight is 322.37 Da. Isotope ion peaks at 362 Da, 363 Da and
364 Da support a compound with a molecuar formula of [C;H,:N,O,]K".

2(2-Hydroxy-3-tert-pentyl-5-methacrylamidomethylphenyl) 2H-benzotriazole
(2H3T5M). The K'IDS spectrum of 2H3T5M showed the pseudomolecular ion
peak at 417 Da, which corresponds to a species with a molecular weight of 378
Da, while the calculated nominal molecular weight of 2H3T5M is 378 Da. A
second ion peak appeared at 795 Da, with a much lower abundance (ca. 16%).
This peak is due to the potassium bound dimer and can be reduced by using less
sample. We have seen these adducts in previous studies [38].

2(2-Hydroxy-4-methacryloxyphenyl) 2H-benzotriazole  (BDHM). The K'IDS
mass spectrum for BDHM showed a pseudomolecular ion peak at 334 Da which
corresponds to a species with a molecular weight of 295 Da. The molecular
weight of BDHM is 295 Da. Also present are the isotope peaks. There is another
peak with ca. 60% relative abundance at 629 Da, which is due to the potassium
bound dimer.

2(2-Hydroxy-4-acryloxyphenyl) 2H-benzotriazole (BDHA). The K'IDS mass
spectrum for BDHA showed a pseudomolecular ion peak at 320 Da which corre-
sponds to a species with MW 281 Da, the nomial molecular weight of BDHA.
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Also present are the isotope peaks. There is another peak with ca.18% relative
abundance at 601 Da, which is due to the potassium bound dimer. This dimer-
ization phenomenon has already been observed before for BDHM and for
2H3T5M, and could possibly be due to some particular instrumental conditions
with a gas phase concentration being too high, which creates favorable conditions
for the formation of potassium bound dimers. Also included is a peak with ca.
13% abundance at 374 Da, a difference of 54 Da with respect to the pseudomol-
ecular ion peak, apparently the reaction product of two acryloyl groups (72 Da)
on both hydroxyl groups with a corresponding loss of water (72-18 = 54). This
di-functional impurity in the mono functional acryloyl compound is not very
desirable because it causes crosslinking on polymerization.

RESULTS AND DISCUSSION

We have analyzed over 100 2(2-hydroxy-phenyl)2H-benzotriazoles and
2(2-hydroxyphenyl)2H-benzotriazole derivatives by K'IDS spectrometry. Most
of them are ultraviolet stabilizers and intermediates. We also investigated a few
2(4-hydroxyphenyl)2H-benzotriazoles. The results are shown in Tables 1-9. We
found excellent agreement between the calculated and experimental values of the
molecular weights. The Tables show the structural formulae, molecular formulae,
references, calculated molecular weights [M]. Found [M] were obtained by sub-
tracting K from the experimentally determined [M]K', shown in the last column
as [M]K". The preparation of the compounds was described previously, and is
shown in the references. Many of the compounds are mentioned in References
54 and 62.

K'IDS Spectra of 5-substituted 2(2,4-dihydroxyphenyl)2H-benzotriazoles

The 2(2,4-dihydroxyphenyl)2H-benzotriazole derivatives show interest-
ing and highly useful K'IDS spectra. For example, we have selected 2(2,4-dihy-
droxyphenyl)2H-benzotriazoles such as FBDH, CIBDH, MoBDH, and DCIBDH,
substituted in the 5' (and 6'-position for DCIBDH) positions of the benzotriazole
ring as specific examples. Typically, for compounds with an electron donating
substituent, the mass-charge-ration m/z, of the pseudomolecular ion peak
matches the molecular weight of the non-ionized molecule.

This phenomenon was not observed in the spectrum of unsubstituted
BDH. One possible explanation is that the presence of such electron active
groups as -F, -Cl, or even —OCHj; in the 5'-position (and 6'-position) of the ben-
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zotriazole ring, lower the ionization potential of the molecule to such an extent
that there is an electron transfer process involving the potassium ion and the sub-
stituted 2(2,4-dihydroxyphenyl)2H-benzotriazole, leading to the formation of a
positively charged molecular ion which is mass filtered and detected. Of the tri-
hydroxy compounds, only CIBTH follows the behavior of the substituted
d-hydroxy compounds while the K'IDS spectrum of MBTH shows the pseudo-
molecular ion peak.

Interestingly, this phenomenon is not observed in the spectrum of
CIBDHG in which the 4-hydroxyl on the phenoxy ring has been replaced by the
3-methacryloxy-2-hydroxypropoxy substituent. Nor is it observed in the K'TDS
spectrum of the 5'-substituted dihydroxy-di-benzotriazole MDBDH (Table 7)
for which the pseudomolecular ion peak appears at a weight equivalent to
[MDBDH]K, the expected molecular weight. The same predicted behavior is
observed in the spectra of the 2(2-hydroxy-5-alkylphenyl)2H-benzotriazoles
HHEPB, BHPA and 2H5M.

It also appears that the presence of at least two electron donating
hydroxyl groups in the benzene ring, one ortho and the other para to the benzo-
triazole ring, including the electron donating substituent in 5'-, provides a suit-
able environment for an electron transfer to the potassium ion to occur. Why
would an electron donating group such as the 3-methacryloxy-2-hydroxypropoxy
or a second benzotriazole ring not have a similar effect is not known at this
moment.

Table 1 shows the 2(2-hydroxy-5-phenyl)2H-benzotriazole derivatives,
both a group of 2(2-hydroxy-5-phenyl)2H-benzotriazole derivatives with a free
hydroxy group and another group as their acetyl-derivatives.

Table 2 describes derivatives of 2(2-hydroxy-3-tert. butyl-5-sub-sti-
tuted)2H-benzotriazoles. Tertiary butyl groups in the ortho-position are often used
in phenolic antioxidants and ultraviolet stabilizers, including 2(2-hydrox-
yphenyl)2H-benzotriazoles to enhance their activity and increase their solubility in
the polymer to be stabilized. Some of these stabilizers have been used for the sta-
bilization of oriental lacquers [55], others as surface active UV stabilizers [62-64].

Table 3 shows polymerizable derivatives with a polymerizable group in
the 3-position. They include 2(2-hydroxyphenyl)2H-benzotriazoles with methyl-
eneacrylamido- and methylenemethacrylamido groups and one methylene-
maleimido derivative.

Table 4 describes 2(2-hydroxyphenyl)2H-di-benzotriazole derivatives
derived from resorcinol, 2(2,4-)2H-benzotriazole derivatives and from phloroglu-
cinol, 2(2,4,6-trihydroxyphenyl)2H-benzotriazole derivatives.
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Table 5 shows the experimental and calculated molecular weights of 5'
and 6' substituted 2(2-hydroxyphenyl)2H-benzotriazole derivatives, where the
sustituents are in the benzene ring of the benzotriazole moiety.

In Table 6, 2(2,4-dihydroxyphenyl)2H-benzotriazole and 2(2,4,6-trihy-
droxyphenyl)2H-benzotriazole derivatives are shown, including polymerizable
2(2-hydroxyphenyl)2H-benzotriazole type ultraviolet stabilizers.

Table 7 also shows 2(2,4-dihydroxyphenyl)2H-di-benzotriazole and
2(2,4,6-trihydroxyphenyl)2H-di-benzotriazole derivatives with substituents like
hydroxy-, methoxy-, carbomethoxy-, carboxy-, and chlorine in the benzene ring
of the benzotriazole moiety. Some are suitable polymerizable ultraviolet stabiliz-
ers that have been incorporated into polyesters and polyamides.

Table 8 contains 2(2-hydroxy-3-phenyl)2H-benzotriazole and derivatives
and their intermediates. 2(4-Hydroxyphenyl)2H-benzotriazoles are ultraviolet
absorbers but not ultraviolet stabilizers.

Table 9 shows 2(2-hydroxy)2H-benzotriazole derivatives derived from
naphthols, 4-hydroxybipenyl and one hydroxypyrimidine.

In all Tables, we report the calculated avgrage molecular weight, the nom-
inal mass of the experimentally measured [M]K and finally the nominal mass of
the compound obtained by subtracting the nominal mass of potassium, 39 Da
from the measured [M]K .

Calculated Isotope Distributions

In Figures 1 through 12 we present a graphical comparisons of the theo-
retical isotope distribution with the measured distribution for the molecular ion
region of the a few selected stabilizers. Along with the comparison plots we also
report the average mass of the ion calculated from the elements and weighted for
abundance. In addition, we report the monoisotopic masses calculated from the
isotopes taking into account the mass defects and the corresponding theoretical
isotope envelopes with the theoretical abundancies. All theoretical calculations
were performed using ISOPRO, version 3.02 [40].

The isotopes of 41K (7.4%) and 37Cl (32.5%) are important. Fluorine
has monoisotopic. Measurements of the masses, as determined by mass spec-
trometry does not give the "average" mass but masses that can be resolved to
about one Dalton. However, the average mass can be calculated by averaging the
total isotope envelope.

For example, 2(2,4-diydroxyphenyl)2H-benzotriazole of an average mass
of 265.32 does not only consist of C;,H,O,N;, which one would normally assume
as "C,'H,"°0"N,, or the potassiated ion C,,'H,"*0"*"N** K, but also other
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I Theoretical
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Figure 1. Isotope Distributions 2(2,4-Dihydroxyphenyl)2H-Benzotriazole
[C12H9N302]K+'

important isotopes, such as °C,,'H,'°0""N*K and "C,,'H,"*0""N*'K. All the ions
of the various isotope atomic masses are detectable if the mass spectrometer sen-
sitivity is capable of determining them. More easily detected are the isotope ions
that have higher percentages of isotopes that occur naturally in higher propor-
tions such as in the case of chlorine where the isotope ratio Cl:*'Cl is 67.5:32.5
or nearly 2:1.

The following calculations were made to demonstrate the isotope distri-
bution of a few interesting 2(2-hydroxyphenyl)2H-benzotriazole derivatives [63,
64]:

Figures 1, 3,4, 5,6, 8,9, 10, 11, and 12 show the bar charts of the K'IDS
spectra with isotope distribution of the respective 2(2-hydroxy-phenyl)2H-ben-
zotriazoles derivatives.and also the calculated isotope mass spectra. In mass
spectrometry the spectra are represented as line drawings (65). Figures 2 and 7
show the Gaussian peaks computed at the resolution of 10,000 routinely achieved
by FT-MS (38). These data are typically presented in the bar graph form as seen
in Figures 1 and 6.
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Figure 2.

2(2,4-Diydroxyphenyl)2H-benzotriazole: 266.32

m/z 266.03 267.04 268.03 269.03 270.04
(@ 100 14.18 863 1.12 0.10

2(2-Hydroxy-4-[3-methacryloxy-2-hydroxypropoxy|phenyl)2H-benzotri-
azole: 408 48

m/z 408.10 409.10 410.10 411.10 412.10 413.10
(a) 100 22.69 1066 2.03 0.27 0.028
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Figure 3. Isotope Distributions 2(2,-Hydroxy-4-[3-methacryloxy-2-hydroxypro-
poxy]phenyl)2H-Benzotriazole [C,yH,,N;0;]K".
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Figure 4. Isotope Distributions 2(2,4-Dihydroxyphenyl)2H-5'-chlorobenzotria-
zole [C,HN;0,CIK".



Downl oaded At: 12:28 24 January 2011

1292 STOEBER ET AL.

HE Theoretical
1.0 Experimental
0.8 1
2
7]
®
2 0.6 1 IH ?
E OCH;CHCH,0C—C=CH,
£ CH,
]
o 0.4
0.2
0.0 - - ; ' ‘
440 450 452 454

m/z

Figure 5. Isotope Distributions 2(2-Hydroxy-4-[3-methacryloxy-2-hydroxypro-
poxy]phenyl)2H-5'"-chlorobenzotriazozle [C,oH,;N,0,CI]K".
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Figure 6. Isotope Distributions 2,4-Bis(4-chloro-2H-benzotriazole-2-yl) 1,3-dihy-
droxybenzene [C,H,,CLLN,0,]K".
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Figure 7.

2(2,4-Diydroxyphenyl)2H-5'-chlorobenzotriazole: 300.77

m/z 299.99 301.00 302.02 303.02 304.02 304.03 305.03
(a) 100 14.63 4062 580 286 036 0.032

2(2-Hydroxy-4-[3-methacryloxy-2-hydroxypropoxy|phenyl)2H-5'chloro-
benzotriazole: 442.93

m/z 442.06 443.06 444.08 445.08 446.09 447.09 448.09
(a) 100 22.69 4264 932 3.67 0.68 0.088

1293
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Figure 10. Isotope Distributions 2(2-Hydroxy-3-methacrylamidomethyl-5-meth-
ylphenyl)-2H-benzotriazole [C,sH,;N,0,]K".
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Figure 11. Isotope Distributions 2,4,6-[Tri(2H-benzotiazole-2-yl)]1,3,5-trihy-
droxybenzene [C,,H,sN,O;]K".
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Figure 12. Isotope Distributions 2-Perfluorodecylethyl-3'(52H-benzotriazole-2-
yl)-4-hydroxy-3-methacrylamidomethylphenyl]propionate [C;,H,;F,,N,0,]JK .

2(2,4-Dihydroxyphenyl)2H-1,3-bis(5'-chloro-benzotriazole): 452.34

m/z 450.99 451.99 453.01 454.02 455.04 456.04 457.05 458.05 459.05
(a) 100 2244 7396 1620 16.83 3.50 1.16 020 0.02

2(2,4-Dihydroxyphenyl)2H-5'6"-dichlorobenzotriazole: 335.23

m/z 333.96 334.96 335.98 336.99 338.00 339.01 340.01 341.02
(a) 100 1492 7258 1046 1583 221 095 0.15

2(2-Hydroxy-4-acryloxyphenyl)2H-benzotriazole: 320.37

m/z 320.04 321.0 322.04 323.05 324.05
(a) 100 18.05 9.35 1.49 0.16

2(2-Hydroxy-3-methacrylamidomethyl-5-methylphenyl)2H-benzotriazole:
361.46

m/z 361.1 362.11 363.11 364.11 365.11
(a) 100 21.80 9.87 1.80 0.20
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2(2,4,6-Trihydroxyphenyl)2H-1,3,5-tribenzotriazole: 516.54

m/z 516.09 517.10 51810 519.10  520.10  521.10 522.10
(a) 100 30.29 2.20 2.77 0.39 0.04  0.0001

2(2-Hydroxy (3',3'4'4',5',5',6',6',7',7',8",8',9',9',10',10',11',11', 12',12',13",
13',13',-dodecyl fluoro-undodecyl) 3'carboxypropyl-phenyl)2H-benzotria-
zole: 965.66

m/z 965.10 966.11 967.11 968.11 969.11 970.11 971.11
(a) 100 37.58 1475 3.77  0.68 0.08  0.007
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