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Mass spectra of methyl esters of ,three common drinking water chlorination by-products, bromodichloroacetic acid, 
dibromochloroacetic acid and tribromoacetic acid, are presented. The spectra are obtained in electron impact and 
chemical ionization modes, using a quadrupole mass spectrometer. Proposed fragment ion assignments are present- 
ed in detail. Fragment clusters were identified from their rn/z values and confirmed with their relative isotope 
ratios. The detailed mass spectra presented are especially useful because standards for these drinking water con- 
taminants are not yet commercially available. 

INTRODUCTION EXPERIMENTAL 

Since trihalomethanes (THMs) were first reported in the 
1970s, the number of chlorination by-products found in 
disinfected drinking waters has grown substantially.' 
Owing to their potential health effects and high concen- 
trations in chlorinated drinking water, chloroacetic 
acids (mono-, di- and trichloroacetic acid) have been 
widely studied in recent  year^.^.^ These compounds are 
likely to be included with the THMs in the forthcoming 
disinfectants and disinfection by-products (DBPs) rule: 
soon to be promulgated by the United States Environ- 
mental Protection Agency (US EPA). 

Like bromine-containing THMs, bromoacetic acids 
and mixed bromochloroacetic acids (MBCAAs) have 
been detected in chlorinated waters containing high 
levels of inorganic bromide.s Very little research has 
been done on the extent of occurrence of MBCAAs in 
drinking waters and these compounds are not com- 
mercially available. Reference mass spectra of MBCAAs 
or their derivatives are also not available in the com- 
monly used Eight Peak Index6 and the Wiley/NBS7 
mass spectral databases. 

In the electron impact (EI) mass spectra of the methyl 
esters of dibromoacetic acid (DBAA), bromo- 
dichloroacetic acid (BDCAA), dibromochloroacetic acid 
(DBCAA) and tribromoacetic acid (TBAA) presented by 
Ireland et al.,* there were some erroneous m/z values 
and inconsistencies in the fragment ion assignments. 
Mass spectra of these compounds using different ioniza- 
tion modes [positive- (P) or negative-ion chemical ion- 
ization (CI)] have not been published. Accurate EI and 
PCI mass spectra of the methyl esters of BDCAA, 
DBCAA and TBAA (Aldrich Chemical, Milwaukee, WI, 
USA), obtained using gas chromatography/mass spec- 
trometry (GC/MS), are presented in this paper together 
with their detailed fragment ion assignments. 
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The three MBCAAs were synthesized according to the 
method reported by Zimmer et aL9 with some signifi- 
cant modifications. Instead of using predetermined tem- 
peratures as cut-offs in fractional distillation, 
temperature drops between fractions were used as 
cut-off points. This rendered varying temperature gra- 
dients in the organic microdistillation apparatus less 
problematic, and resulted in products of higher purity. 
Reaction with concentrated sulfuric acid after the bro- 
mination step was found to be essential to obtain 
DBCAA. This was not mentioned in the method 
published by Zimmer et al.' 

GC/MS was performed on an HP-5890 gas chro- 
matograph coupled to an HP-5988 quadrupole mass 
spectrometer (Hewlett-Packard, San Fernando, CA, 
USA). Data were acquired and stored for subsequent 
analysis using an HP-59970 MS ChemStation. Haloace- 
tic acids were dissolved in diethyl ether at a concentra- 
tion of about 1 mg cm-3 and methylated with freshly 
prepared ethereal diazomethane," and residual diazo- 
methane was quenched with silica gel. Samples were 
introduced into the gas chromatograph by splitless 
injection and separated on a PTE-5 (Supelco, Belle- 
fonte, PA, USA) capillary column (30 m x 0.32 mm i.d.) 
with a 0.25 pm film thickness. The temperature program 
was as follows: isothermal at 37°C for 21 min ramped 
to 136 "C at 11 "C min- ' and further to 300 "C at 20 "C 
min-'. The injector temperature was 200 "C and the 
transfer line was maintained at 280 "C. 

Helium was used as the GC carrier gas and methane 
was used as the reagent gas for CI. The mass spectrom- 
eter was tuned immediately before analysis using per- 
fluorotributylamine as the calibrating compound (tune 
masses m/z 69, 219 and 502). The source pressure was 
0.08 Torr (1 Torr = 133.3 Pa) in the EI mode and 1 
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Figure 1. El mass spectra of methyl esters of (a) BDCAA, 
(b) DBCAA and (c) TBAA. 

180 

Torr in the PCI mode, with corresponding manifold 
pressures of 3 x and 5 x Torr, respectively. 
In the EI mode, the ion source temperature was 200 "C, 
the electron energy was 70 eV and the mass scan range 
was 30-330 u. The scan threshold was set at 100, with a 
scan rate of 1 scan s-'. In the PCI mode, the ion source 
temperature was 100 "C, the electron energy was 240eV 
and the mass scan range was 100-400 u. 

RESULTS 

In GC analysis, haloacids are usually derivatized to less 
polar and more volatile esters before injection. Methyl- 
ation with diazomethane is a commonly used derivati- 
zation technique for organic acids isolated from 
environmental samples." Mass spectra of methyl esters 
of these acids are often more useful than those of the 
parent acids. 

EI mass spectra of methyl esters of BDCAA, DBCAA 
and TBAA obtained in this study are shown in Fig. 1. 
Molecular ion clusters of these compounds were either 
absent or present in very small amounts. Halomethyl 
fragment clusters were the most abundant in the EI 
spectra of BDCAA, DBCAA and TBAA. The 
[COOCH,] + fragment (m/z 59) was present in signifi- 
cant amounts, but was the base peak only for BDCAA. 
Proposed structural assignments of the fragment ion are 
shown in Table 1. PCI mass spectra of the methyl esters 
are presented in Fig. 2. Significant amounts of the 
molecular ion [M + 13' cluster were present in all the 
samples. Experimental isotope ratios (within the tri- 
halomethyl clusters in EI and the molecular ion clusters 
in PCI) compared very well with the theoretical ratios, 
as shown in Table 2. 

There are some fundamental differences between 
these spectra and previously published EI spectra of 
the same compounds.8 In Fig. 1 in the paper by Ireland 
et a/.,' the m/z values for the ion fragment 
[M - COOCH, - Br]+ for methyl esters of 
BDCAA, DBCAA and TBAA were reported as 83, 127 
and 17 1, respectively. These fragments should, instead, 
have m/z values of 82, 126 and 170, respectively, as 
shown in Fig. 1 and Table 1. The authors also assigned 
incorrect ion fragments to these m/z values of Table 2 in 
their paper.8 

There were several addition m/z fragments in the 
spectra reported earlier that were not observed in this 
study. These could not be assigned to logical fragments 
and may be attributable to sample impurities. Although 
small differences in the ratios between various frag- 
ments may be due to differences in instrument design 
and operating conditions, the mass spectra reported in 
the earlier study had very low abundances at high 
masses. Again, this could be due to differences in the 
maintenance and sample history of the mass spectrom- 
eter ion source. It is believed that the spectra presented 
here will better match spectra obtained from well main- 
tained instruments analyzing samples in clean matrices. 

CONCLUSIONS 

Figure 2. PCI mass spectra of methyl esters of (a) BDCAA, 
(b) DBCAA and (c) TBAA. 

Mass spectra obtained in the EI and PCI modes have 
been very effective in the structural identification of 
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Table 1. Proposed fragment ion assignments for methyl esters of BDCAA, DBCAA and 
TBAA" 

Proposed 
fragment ion 

M+ 

[M - C02CH3]+ 

[M - CO,CH, - Br] + 

[M - CO,CH, - CI] + 

[M - Br]+ 

[M - OCH,] + 

[M - OCH, - Br] + 

[M - OCH, - Cl]+ 

[M-C0 , -Br ]+  

[ M - C O - B r ] +  

[CO,CH,I+ 

[COCI] + 

[COBr] + 

[CCI] + 

[CBr] + 

[BrI+ 

ml.? of mass fragment (abundance, X of base peakfb 
EDCAA DBCAA TBAA 

N D  

161, 163, 165, 167 

264, 266, 268 

205, 207, 209, 211 

308, 31 0, 31 2, 31 4 

249, 251, 253, 255 
(-# -, - ) c  (-, 1.6, 2, -) 

(59, 90, 41, 6) 
82, 84, 86 
(19, 11, 5.4) 
126, 128,130 
(1 4, 19, 4.8) 
141, 143, 145 
(50, 32, 5.3) 
ND 

110, 112,114 

154,156 
(1.7. 2.4) 
97,99 
(3.7, 2.3) 
113, 115,117 
(22, 14, 2.1) 
59 
(1 00) 
63,65 
(17, 5) 
107,109 
(1.9. 1.5) 
47,49 
(1 2.5, 5.3) 
91,93 
(5.5, 4.8) 
79, 81 
(5.3, 5.5) 

(4.5, 2.8, -) 

(39, 100, 63, 13) 
126,128,130 
(27, 35, 8.6) 
170,172,174 
(4.7, 9.2, 4.6) 
185,187, 189 
(20, 27, 6.4) 
233, 235, 237 
(-, 1 .l, -) 
154, 156,158 
(4.9, 6.1, 2.1) 
198, 200,202 
(-* 1, -1 
141, 143, 145 
(6.5, 8.7, 2.1) 
157, 159, 161 
(1 4, 18, 4.3) 
59 
(65) 
63,65 
(1 5, 4.5) 
107,109 
(9.9, 7.4) 
47,49 
(20, 7.2) 
91,93 
(21. 21 ) 
79, 81 
(1 6.5, 17) 

a Base peak is shown in bold; ND, not detected; NA, not applicable. 
In parentheses. 
(-) Detected, but less than 1 % of the base peak. 

(35, 98, 100, 32) 
170,172, 174 
(16, 30, 15) 
NA 

229, 231, 233 
(12, 23, 11) 
277, 279, 281 

198, 200, 202 
(2.9, 6.6, 3.5) 
NA 

(-, 1.6, 1.7) 

185,187,189 
(4.3, 8.5, 4.5) 
201, 203,205 
(6.6, 13.2, 6.5) 
59 
(5.4) 
NA 

107, 109 
(6.2, 4.9) 
NA 

91,93 
(11.12) 
79, 81 
(4.9, 4.5) 

methyl esters of MBCAAs and TBAA. Relative isotope 
ratios are particularly useful for confirming the identity 
of fragment clusters of these polyhalogenated com- 
pounds. The addition of accurate EI mass spectra of 

Table 2. Theoretical and experimental isotope ratios for spe- 
cific El and PCI fragment clusters 

Compound 

Isotope ratio (X) 
A A+2 A+4 A+6 

BDCAA Theoretical 62 100 45 6.2 
E l  67 100 47 7.6 
PCI 59 100 44 6.4 

DBCAA Theoretical 44 100 69 13 
El  44 100 72 13 
PCI 43 100 70 13 

TBAA Theoretical 34 100 97 32 
El  35 100 102 32 
PCI 35 100 99 32 

"Theoretical : calculated using 35CI : ,'CI = 75.77 : 24.23 and 
79Br: *'Br = 50.69: 49.31 ." E l :  trihalomethyl fragment clusters. 
PCI : [ M  + 11 + fragment clusters. 

MBCAAs and TBAA to on-line spectral libraries would 
assist in screening procedures for these compounds 
using GC/MS. 

Because of the potential health effects of MBCAAs 
and their high concentrations expected in drinking 
waters high in inorganic bromide, this is an important 
class of DBPs. Work is continuing with MBCAAs, 
focusing on their stability in the presence and absence 
of chemical nucleophiles. The effects of pre-ozonatio n, 
chloramination and chlorination on the formation of 
these compounds are also under investigation. 

Acknowledgements 

This work was supported by the National Science Foundation under 
grant number BCS-8818468. D r  Edward H. Bryan was the grant 
officer. The authors acknowledge the generous financial assistance of 
Hewlett-Packard. 



810 Y.-F. XIE, R .  V. RAJAN AND D. A. RECKHOW 

REFERENCES 

1. S. W. Krasner, M. McGuire, J. C. Jacangelo, N. L. Patania, K. 
M. Reagan and M. Aieta, J. Am. Water Works Assoc. 81, 41 
(1989). 

2. A. A. Stevens, L. A. Moore and R. J. Miltner, J. Am. Water 
Works Assoc. 81, 54 (1 989). 

3. D. A. Reckhow and P. Singer, J. Am. Water Works Assoc. 82, 
173 (1990). 

4. US EPA, Status Report on Development of Regulations for 
Disinfectants and Disinfection By-products. Environmental 
Protection Agency, Washington DC (1 991). 

5. R. J. B. Peters, C. Erkelens, E. W. B. de Leer and L. de Galan, 
Water Res. 25, 473 (1 991 ). 

6. Mass Spectrometry Data Centre, Eight Peak Index of Mass 
Spectra, 3rd Edn. Royal Society of Chemistry, Nottingham 
(1983). 

7. F. W. McLafferty and D. B. Stauffer, The WileylNBS Registry 
of Mass Spectral Data, Wiley, New York (1 989). 

8. J. C. Ireland. L. A. Moore, H. Pourmoghaddas and A. A. 
Stevens, Biomed. Environ. Mass Spectrom. 17,483 (1 988). 

9. H. Zimmer, A. Amer and M. Rahi.Ana1. Lett. 23, 735 (1990). 
10. H. M. Fales, T. M. Jaouni and J. F. Babashak.Ana1. Chem. 45, 

11. D. R. Knapp, Handbook of Analytical Derivatization. Wiley, 

12. D. R. Lide (Ed.), CRC Handbook of Chemistry and Physics, 

13 (1973). 

New York (1 979). 

71 st edn. CRC Press, Boca Raton, FL (1 991 ). 




