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SUMMARY 

commercially available polybrominated aromatic ethers, which are used as 
additive-type flame retardants, have been analysed by gas chromatogmphy-mass 
spectrometry, high-performance liquid chromatography,- reversed-phase thin-layer 
chromatography and UV spectrometry- For the polybrominated biphenyl ethers, the 
dependence of retention in the various chromatographic modes on bromine content, 
and the main substitution patterns, are discussed and compared with those for poly- 
brominated biphenyls. 

INTRODUCTION 

Bromine-containing flame retardants have very diverse chemical structures’. 
According to Jenkner’, in 1975 the production of bromine-containing compounds 
for application in plastics amounted to 28,000 tons in the U.S.A., Western Europe- 
and Japan, and an annual growth rate of 15-17 % has been predicred’*’ for the near 
future. 

J_n the literature, polybrominated aromatic ethers have rece+d littie attention 
from chemists and biologists As far as polybromlnated biphenyl ethers (PBBEs) 
(also called polybrominated diphenyl oxides) are concerned, GersdorfT and Schech- 
teP have demonstrated the toxicity of Cmono- ahd 4,4’-di-PBBE to house ilies. 
Norris and co-worker&’ have made extensive investigations of the toxicological and 
environmental aspects of decabromobiphenyl ether (DBBE) prior to the marketing of 
this most widely used aromatic bromine-containing flame retardant- They concluded 
that DBBE offers--a low risk in this respect following acute exposure. The main dis- 
advantage of DBBE as additive to p&tics is its low photostabih+*, which is a weti 
known characteristic of aromatic bromine compounds. Japanese manufacturers solved I 
this problem by replacing one or more of the bromine atoms in the or&u position to 
the ether linkage with hydrogen Se 9 _ Snndstr6m and MutzingeF” idea$ified 2,4,2’,+‘-tetra- 
aad 3453’4 -9 , ,- 3 -penta-PBBE as the major components of Bromkal70-5 PE. 

Norstr6mi(et al.” reported the main constituents of some commerciaBy 
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.# .I. 

. . -1 



270 3. J. DE KOK, A. DE KOK, U. A. Th. BRINKMAN 

available mixtures of brominated biphenyl, alkyl phenyl and ally1 phenyl ethers. The 
fungstatic activity and toxicity of the latter types of ethers were investigated by 
Felton and MacLaughlin”. Recently, Erickson et al. I3 detected trace amounts of a 
chlorine-containing ether (C,,Br,ClO) in several commercial samples of DBBE. Some 
further information conce&ng the brominated aromatic ethers can be obtained from 
patents’1~‘5 and technical bulletins’6~1’. To our knowledge, PBBEs and other such 
ethers have not been detected in the environment. However, trace amounts of the 
closely related polychlorinated biphenyl ethers have heen identified in technically 
produced chlorinated phenois, mainly those with three or more chlorine substit- 
uents’8?19. 

In -this paper, we describe the analysis of polybrominated aromatic ethers, 
especially PBBEs, by chromatographic and spectrometric techniques. 

EXPERIMENTAL 

Materials 
Bipheny! ether (Schuchardt, zur Synthese) was purchased from Merck (Darm- 

stadt, G.F.R.). Another sample of this ether was obtained as a gift from I.S.C. 
Chemicals (Bristol, Great-Britain), who also supplied us with samples of the commer- 
cially produced PBBE mixtures Tardex 50, 80 and 104). Samples of the PBBE mixtures 
Bromkal.70-5 DE, 79-8 DE and 82-O DE and of the brominated ally1 phenyl and 
propyl phenyl ether mixtures Bromkal 643 AE, 74-5 AE and 73-5 PE were received’ 
as gifts from Chemische Fabrik Kalk (Cologne, G.F.R.). 

All samples were homogenized before use. Sample solutions were prepared in 
tetrachloromethane [for high-performance liquid chromatography (HPLC) and gas 
chromatography (GC)] or n-hexane [for thin-layer chromatography (TLC) and ultra- 
violet (UV) specfrometry]. In order to prevent photodegradation of the samples in the 
solid or dissolved state, a11 bottles were wrapped in aluminium foil and stored in a 
refrigerator. 

HPLC was carried out in the system silica gel (LiChrosorb SI-6O)-dry n-hexane 
at a temperature of 27 f 1 O, using UV detection. Reversed-phase TLC was performed 
in the system Kieselguhr impregnated with paraflln oil/acetonitrile-methanol- 
acetone-water (20:20:9:1), using a length of run of i6 cm; identification was effected 
by spraying with a solution of tolidine in ethanol and subsequent irradiation with 
UV light. 

Gas chromatograms were run using glass columns packed with 1 y0 SE-30 or 
2:4, OV-17 on Chromosorb W HP and W AW DMCS, respectively, using flame- 
ionization detection. 

For GC-mass spectrometry (MS), a gas chromatograph connected with a 
quadrupole mass spectrometer with electron impact at 70 eV and a source temper- 
ature of 230” was used. 

Details of all of these procedures, apparatus and chemicals have been reported 
previouslyzo. For the more highly brominated samples, GC-MS was performed on a 
JEOL JGC-20K gas chromatograph connected with a double-focusing JEOL JMS-D 
100 mass spectrometer (JEOL, Tokyo, Japan) with electron impact at 70 eV and a 
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source temperature of 280”; the temperature of the separator was maintained at 
300”. ‘H Nuclear magnetic resonance (NMR) spectra were recorded with a Bruker 
WH 90 F.T. spectrometer (Bruker-Physik, Karlsruhe, G.F.R.). 

RESULTS AND DISCUSSION 

Biphenyl ether 
Both samples of biphenyl ether had a purity of over 99%. The UV spectrum 

of this compound, which is the starting material for the synthesis of PBBEs, is shown 
in Fig. 1. At the wavelengths of maximal absorption (197 and 226 nm), log E = 4.50and 
4.00, respectively. 

wove!ml~thhl) - 

Fig. 1. UV absorption s_pectra of biphenyl ether and Tardex- 50, SO and 100. Cowzentrations: 40, 
78 and 120 ppm, respectively, in n-hexule. Cell path length; 2 mm. 

66, 

Potybrominated alkyl phenyl and alIyi phenyl ethers 
Table I summarizes analytical data on the polybrominated alkyl phenyl and 

ally1 phenyl ethers taken from the literature. UV spectral characteristics for the crude 
samples and HPLC and GC retention data for the main component present in each 
sample are given in Table II. The UV spectra are rather similar to those recorded for 
polybrominated biphenyls (PBBs) and PBBEs, which will be discussed in more 
detail below. 

Assuming equai responses for the main component and any impurities present; 

purities of 96 % and 99 % were calculated for Bromkal73-5 PE ancl &?-3 AE, respec- 

tively ; Bromkal74-5 AE was less pure (c$, Table II). CC-MS and iH NMR spectrom- 
etry showed the main constituents of these mixtures to be 2,3-dibromopropyl 
2,4,6_tribromophenyl ether, ally1 2,4,6_tribromophenyl ether and ally1 pentabromc- 
phenyi ether, respectively. This con&-ms the assignments given by the manufactureri6. 
The second largest peak in Bromkal74-5 AE (fRsGC = 8.2 min), which is also a trace 
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TABLE I 

SURVEY OF LITERATURE DATA ON THE ANALYSIS OF POLYBROMINATED ALICYL 
PHENYL AhD ALLYL PHENYL ETHER MIXTURES 

Bromiccted ether &fattu- Wt.-% Melting-point Specific Main component(s) Refer- 
mi.rture facturer* of Br range (“C) gratify erzce 

Bromkal64-3 AE K . . 63-65 74-77 2.2 Ally1 2,4,6tribromopbenyl ether 16 
Bromkzl74-5 AE K ‘74-75 160-165 2.7 Ally1 pentabromophenyl ether 16 
Bromkzl73-5 PE K 73-75 40 2.3 2,3-Dibromopropyl2,4,6&- 16 

bromophenyl effier 
Flammex 5 AE B. 93 % of ally1 pentabromophenyl 11 

ether; 7 o/0 (2 isomers) of 
tetrabromo compounds 

* K = Chernische Fabrik Kalk (Cologne, G.F.R.); B = Berk (London, Great Britain). 

component of Bromkal 64-3 AE, was shown to be an ally1 tetrabromophenyl ether. 
It is interesting that Bromkal 73-5 PE is a brominated propyl phenyl ether, as Nor- 
strijm et al.” showed that the so-called Pentabromprop (Kalk product), claimed to be 
a dibromopropyl tribromophenyl ether, is actually a mixture of mainly tetra- and 
pentabromo biphenyl ethers. 

Polybromi~rated bipheltyl ethers 
Literature data on the composition and analysis of PBBE mixtures are reported 

in Table III. This table reveals that, apart from information provided by the manu- 
facturers, there is a lack of tnformation for all mixtures_ Table IV summarizes UV 
spectral characteristics and data on the composition of the crude samples; retention 
data for HPLC and GC can be seen in Fig. 2 (see below). 

UV spectrometry. The UV absorption spectra of biphenyl ether and a few 
low-brominated (2-, 4-, 4,4’- and 2,4,4’-) PBBEs have been studied by several _groups 
of workers”-25. Their main conclusion was that the introduction of bromine atoms 
into the biphenyl ether nucleus in the positions indicated above does not materially 
modify the absorption curve of the parent compound. This. agrees with the recent 
conclusion of Choudry et a1.26, who stated that the introduction of one or two sub- 

TABLE II 

CH4RACTERiSTLCS OF POLYBROMINATED ALKYL PHENYL AND ALLYL PHENYL 
ETHER MIXTURES 

HPLC: LiChrosorb SI-6Wdry n-he-e; flow-rate, 1.4 mlemin-‘; UV detection at i,,x_; k’ = 

(tx -tA/r,. C;C: 1 T/, SE-30 on ChromosorbW HP; flow-rate (He), 30 ml-min-‘; column temperature, 
160’; flame-iqnization detection. 

Brominaled ether Main band wt.-y, Main Remarks 

mixture - 
/-ma=. log & Br5 Br4 Br, 

component 

(nm) (I- moie-‘- cm- ‘) kLc tR.GC 

(min) 

Bromkal64-3 AE 212 4.73 - - 99 6.70 2.70 3 frace components 
Bromkal74-5 AE 224 4.70 81 12 - 3.05 27.5 3% pentabromopheno: 
BromM73-5 PE 212 4.72 96 - - 10.50 23.3 2 more (3 i components 1%) 














