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Abstract 

CopperdO-monimorillonile reacis wiih somo chlormaied dibonzo-p-dioxrns and luians lo dimotic 
and oligomenc species by radical roaclion The producis were idcnidod by mas-i spcciromoliy 

Inlroduclion 

The reaclion beiween CudO-smecliie (monimorilloniie) and unsaiuralod hydiocaibons hko 

benzene, loluene. anlsole (see ref 1-7 in ref I), chloranisole (12). chloiphenols (2). chloroihenes (3) 

dibenzo-p-dioxin and chlordibenzo p-dioxin (4) lo (orm radical calions and in addiiion 

polymeric subsiances is well documenied. The loimaiion of polymeiic species fiom ihc-

chloiinaled hydrocarbons has been proposed as a way lo lorm loss toxic pioducis m an 

inexpensive and easy way by leaclion wilh a simple mineral material, especially in iho case 

of chloiinaicd dioxms and other highly loxic substances (1.3.4) 

Because ihere are only iwo chlormaied dibenzo-p-dioxins invesngaied (4). wo lepoaied ihe 

experimenis beiwoen CudO-monlmonlloniie and some scleclcd chlormaied dibc-nzo p dioxms 

and dibenzofurans. 

fHxperlmenlal 

30 g monlmoiilloniie K 10 (Aldiich) was >,.lmed with 300 ml 03 M NaCl solulion al lOom lompciaiuic 

for 18 h. filtered and washed twice with disliiled waier The Na-ion exchanged minora! was 

Ihen again slirrcd for 18 h wilh 150 ml I M CuCl2>'2H20-solulion. fillralod and washed with dislillc-d 

waiei. uniil no chlorid could be deiocled wilh AgN03 in ihe washwaier Tho minrial w,is dncd 

and stored in vacuum ovei P2O5 
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: :ii;t.Tl complexes woie piopatcd as descnbed in (lof 4. f-'ig 4) wiih ihe qiianlilios 

it !•-• 1 isolaiioii of Iho roaclion piixiucis was done by exijaclion wilh melhanol or 

.- •:- The descriplicjn ol the oxpciimcnial delails is given in lable I. For ihe GC-MS 

> .in aliquoi ol 1 ii l was mjeciel I'oi the solid piobe MS abcul 5 to 10 pi of ihc 

lakon inio a small gold crucible and Ihe liquid allowed lo evaporate 

••iv.-iro-;iir>jn | Cu(ll) Ml- | Solveni | 
noral 

•1 3 rpQ 2 g 

Exiraclion |Exir.- | Idenlili- | Color of 1 oligonieric 
solvonl meihod calion complex species 

20 ml 30 ml Methanol 
n-Hexane 

C. D blue yos 
.r.Mf.i Dl j 

r\.i 0084 g 15 ml 8 ml Melhanol 
.-.;-lo: DD n-Hexane 

blue no 
(sec rem 1-0 

••.i:.ichic'i OD 
S g 20 ml 20 ml Melhanol 

n-llexarv3 10 ml Toluene 
C. D green-

blue 
yes 

2 g 20 ml 10 ml Melhanol 
Isooclano 20 ml Toluene 

medium-
brown 

"•:l>cnzc(uian 
2 g 20 ml 30 ml Melhanol 

n Hexane 
C. D blown yes 

20 ml 20 ml Melhanol 
n Hexane K) ml Toluene 

C. D giay-
brown 

yes 

20 ml 10 ml Melhanol 
Isoociane 20 ml Toluene 

rnedium-
brown 

r.i.p<:.:aiLng iho solvonl Rolaling ihe mineral wiih ihe oxliaciion solveni wilh a 
:• 'avj(x>( i tO° C waiQtbalh) for 30 mm. (ille/ing Ihe suspension and concenlralion 
.' ihr: cxiiaci lo 4 5 ml. fillenng ihe muddi liquid and concenlraling lo 2(X)-300 ill 
w.!,"! ,1 genilo siit-am of purs niliogen 
;i.t;cant:ng ihe solveni. shaking iho mnoial wiih the exlraclion-solvenl for aboui 
•̂  nun fillenng ihe suspension and cvapoiaing Ihe exliacl lo dryness wilh a genik; 
-. i(..3ir, ol pure nmogon 
'.'.jiss SC1'K:IIVO ,-ieioclot. Mod. 5'>Y0 (Hiiwleii Packard), in combination wilh a 
V.--! '^'t'>^ gas chiomaiograph and a dala wotkslation 
LT) '.'. -Lciumn (J.̂ W) 30 m length. 0 25 mm i d . J4W On-Column iii)Oclor. earner gas IIo. 
; ••.>•...•,!€• . )\3). in,>cclion volume J pi. -cmperaiuic program 105° for 3 min. Ihen 
••'̂ ' ;n;n lo 7.<50. hold !oi 40 mm 
•>' :.l ;?ft:'bo mass spociiomoiry wiih a Finnigan 4500 quadrupote mass speclromelcr 
u;,J tin Incos daiasyslom. solid piobe inlci. lemporaiure programmed evaporalion 
.manually coniiollod) from 50° C lo 3:50° C 
Two oihoi o.vpcnmonis wilh separaiciv piepaied and dilforeni quanlilies of Cu(ll) 
rio:irnic"i:i!lcir.io. isooclaiK' ar> solvonl. inorlilied Gxpcnmenlal condilions also gave 
T.-j di or iiimonc clilonnaied spocios 
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l^esulls and Discussion 

In all experimenis. excepi experimenl 2. dimeric dioxins and liirans could bei delected wiih 

GC-MS. also subslilulcd dimeric dioxins and furans (moslly meihyl-subsliluled SF>ecies). Oihoi 

subsliluled substances could be idenlified only lenialively. ihe mass speclra indicaling ihe 

presence ol leaclion producis possibly from humic acids of ihe monimoiillonilo. 

The dimeric species of ihe dioxins and furans were idenlified by correct molecular-weighi and 

Ihe talio ol Iho isotope peaks corresponding lo Ihe number of Iho chlorine atoms. In Fig I 

seclions ol the loial ion chromalograms and ihe mass speclra ol dimeiic dibenzofuran (left) 

and dimoric 3.6-dichlordibenzofuran Crighl) aie shown 

Fig. L One ol ihe possible slructure formulas, total ion chromaloqiam and mass spoclia of 
of Ihe dimeric dibenzofuran Cloll) and 3.6 dichlordibenzofuian (righl) 
The "x'-signcd peaks belongs lo ihe dimeric species 
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•'•3 s~r-^:- -r. :';g • l.v^- i:lir.,.Mi'_ >lilion-<;oluraris and iwo dimeric: dichlorodibonzoluians could be 

.,:!-i-r.i;-;i.:-:: '•:• • •:. •v.-::rr.'..:-: i i i '.• rind O (-.oo l."ible 1) using solid piobe inserlion wilh programmed 

cv )•-.-. .•.i..-.",.- -•.•vc-n I'l ijr.J ir..:-,n.'.>/ic ipec:-;5 wero idcjiliJied No dimoiic joaclion produci of 

!ho 2 7 d;cl';.;c-dib'-'nzo p dH'>::n was obiained This could te oxplainod by sieric hindrance. 

The- place i- ihe inieila;no';lai silicale layoi ol ihe CudO-monlmorilloniio could be too small for 

d i tvr i7 : -p. ; .-xm"; wriich arr- o:\ bn'h bonzene tings chloio subsliluled (see lable I). No 

:o:T-.s'r.-. '.' ::rr,p.'::. ---Jbs';''.::: -'I c: dofhlorr aled producis could bo obsnrved wilh OCDD and 

-CCDr 

As disc-SS*--- 111 ;t.r? ii'.riaiurc- ih-:; dimonsaiion or oligomerisalion is induced by a sirong inleracl.on 

ol :he Ciji.-!'.-i:>n wirli i.lc a.-o.-rralic mctecul.3 through pieleclrons al vacant ligand posilions, 

leadin;; lc ;. imaiic^n ol rad:r:i: canons (loduclion of Cu(ll) lo Cu(l)). followed by recombination 

(M; 
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