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ABSTSJUST 

Different model compounds bave been synthesized and analyzed to find out 

the possible structure of new unknown planar aromatic compounds (DPACs) 

observed in HSGC/LRMS analyses of PCDD/Fs in pulp mill products, effluents, 

sediments and mussels. The mass spectra of synthetic alkylated 

polychlorodibenzofurans (c^-PCDFs) were different, but those of aU^lated 

polychlorobibenEyls (Cj-PCBEs) very similar to the spectra of TOACs. 

ZN3%ODaCTIOii 

In deteraination of PCODs and PCDFs in pulp mill effluents and coffee filter 

paper were found new chlorinated unknown planar aromatic compounds (UPACs)V 

At the retention window of TCDDs of a bleached kraft pulp sample were found 

three UPACs with LRMS ions of m/z 320 and 322. intensity ratios of the pcaJcs 

Indicate a dichloro compound. In the saiae pulp sample were also detected one 

nonochloro W A C (m/s 266) and fout isomers of trichloro- UPACs by selected 

ion aonitorlng at the values n /z 354 and 356. 

OPACs were first suggested to be alkylated polychlorodibenzofurans (R-PCDF), 

that have been previously identified by Buser et al^ The mass spectra of 
WACs indicate the structure of chlorinated al.kyl bibenzyls 

(1,2-diphenylethanes) rather than R-PCDfs as were previously erroneosly 

suggested. Different synthetic mixtures of dipropyl- and diisopropyl-

polychlorodibenzofurans {C,-PCDFs) and chlorinated methyl substituted 

bibenzyls (q-PCBBs) have been analysed by HRGC/LKMS to find out the structure 

of UPACs. 
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EXPERIMENTAL 

Apparatus And Operating Conditions 

The pulp sample and synthetic mixtures were analyzed with GC/MS using HP 

5970 mass selective detector with quarz capillary colum SE-54 (lenght 25 m, 

1. d. 0.2 mm) wi'th temperature program lOO^C (1 min) to 180°C at 20°C/min 

and t hen to 290°C at 5"C/min. The mass spectra were recorded at 70 eV from 
mass number 50 up to 500 amu. 

Syntliesis of Hodel coî iounds 

Dipropyl- and diisopropyl-PCDFs were prepared by chlorination of 

2,8-dlpropyl- (DPDF) and 2,8-diisopropyldibenzofuran (DIDF) with elemental 

chlorine in acetic acid. DPDF and DIDF were prepared by palladlum(II) 

acetate-promoted cyclization of 4,4'-dipropyl- and 4,4'-dllsopropyl-

diphenylether (DPDEs) according to the known method'. DPDEs were prepared by 

the classical ullman ether synthesis -coupling of potassium salt of 4-propyl-

and 4-lsopropylphenol with 4-propyl- and 4-isopropylbromobenzene in Uie 

presence of copper catalyst . 

m t " " . «-"2"j", 
OlDF. It-CHICHjIj ^t-*^ll^ 

Methyl substituted bitienzyls were prepared by treating the corresponding 

metJiylbenzenes with 1,2-dichloroethane in the presence of AlClj. Mixture of 

p-xylene (0,05 mol) 1,2,4-trimethylbenzene (0,05 mol), 1,2-dichloroethane 

(0,005 mol) and AlCl, (O.OOl mol) was stirred 1,5 h at 90»C. The reaction 

mixture was washed with diluted sodium hydroxide solution and water and dried 

with sodium sulfate. Distillation under reduced pressure for removal of 

unreacted alkyllienzenes gave mixture of methyl substituted bitienzyls. The 

product was chlorinated with elemental chlorine in CCl^ in the precence of 

FeClj. The reaction mixture was washed with sodium bisulphide solution, water 

and dried with magnesium sulphate. 

CM, CM 
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R E S O L T S AHD DIS<:USSIOII 

In the pulp sample were found one mono- and three isomers of dichloro-upACs, 
whose molecular formula could be C^^Cl (H* 286) and CjjHjjClj (K* 320) . Basic 

non-chlorine compound (C,^j^, M* 252) was not detected in the pulp senile..-

UPACs gives peaks at m/z 119 (base peak), 91 and 77 typical for phenylalkyl 

compound. Also very small fragments at m/z 167 (C1,-UPAC) and 201 (Clj-DPAC) 

of M*-c:pH,, were found in mass spectra of UPACs. In figure 1 are presented El 

mass spectra for mono- and dichloro-UPACs found in the pulp sample. 
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Figure 1. EI mass spectra of (a) mono- and (b) dicAloro-UPAC found in the 
pulp sample. 

The mass spectra of synthetic polychloro-OPDFs and -DIPFs were totally 

different from those found for UPACs. In syntietlc mixtures were found 

2,8-dipropyl- and 2,8-diisopropyl-PCDF isomers with H* of m/z 286, 320, 354, 

388 and 432 for mono- to pentiachloro congeners. The EI mass spectra of the 

2,8-dlpropyl-PCDFs show intense base peak M'-cyi, -ions, 2,8-diisopropyl-PCDFs 

have in their mass spectra a M'-CH, base peak. All isomers showed very similar 

spectra. Typical EI mass spectra of a synthesized dichloro- DPDF and a 

dichloro-DIDF are presented in Figure 2. 
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Figure 2. EI mass spectra of a synthesized (a) dichloro-DPDF and (b) a 

dichloro-DIDF. 
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To indicate the similar fragmentation between UPACs and Ĉ j-PCSBs a synthetic 

mixture of methyl substituted bibenzyls were prepared from p-xylene, 

1,2,4-trimethylbenzene and dichloroet:hane. In the reaction mixture were found 

isomers of tetra- (TMBB, M* 238) , penta- (PMBB, M' 252) and hexamethyl-

bibenzyls (HMBB, M* 266). TMBBS give base peak at m/z 119, but PMBB and HMBB 

give base peak at m/z 133. After chlorination in the reaction mixture were 

found isomers of mono- and dichloro-PMBBs, those mass spectra were very 

similar to those of UPACs. In figure 3 is presented mass spect:ra of a 

monochloro-PMBB and a dichloro-PMBB found in the synthetic mixture after 

ciilorinatlon. 
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Figure 3. EI mass spectra of (a) a monochloro- and (b) a dichloro-PMBB isomer 

Identified In chlorination reaction products. 

Chlorinated methyl substituted bilienzyls behave like PCDDs and PC:DFS in their 

analytical clean up with carbon colum-reversed elution and with basic alumina 

chromatography. It seems very obvious, tJiat UPACs are alkylated 

polychlorobibenzyls (Cj-PCBBs), that could have the following structure: 
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