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Ph,D, Chemistrv 

r" G, Carr 

DECO'1POSITION OF PIll:.NOXOCOPPI:.R(II) C()'!PLLXl:.S 

ABSl'RACT_ /1J~~) 
The mecha~ismJof Jec..ompositioll of 

Tl Il e n 0 x 0 C 0 P n e r ( l 1) t 0 roI y pile n vIe n e p t h l' t 1 S ~ Il V est l r, ,1 t t' tI • 

u t l ,1 l z i n g 1) l S ( 2 • 4 • (1 - trI c Il l 0 r 0 n Il c no x 0 ) h 1 S ( P v r l d 'Î n (' ) L 0 p l' e r ( JI) 

l'ltravlo1pt-vl"ible "pcctrophotoMetrv and pIcctron "pIn 

rcsonrlnce spcctroc;copv proviùed tne M<11or tooI" for t Ile 

mec Il a n i s t t c . pro roc; .:l l ", r h (' S e w cre sur n 0 r t l' d "van <Î l v c; l 'i () f 

the re.ïetion proùucts under varieJ reactlon conditlons 

( le,. t e 11l Tl l'ra t ure. con c e n t rat Ion a n Li 5 0 Ive nt). a n tI t '1 r Cl II r Il 

tlte addition of frre radlcill Inltlator'i. carbon tetratlalldé'i 

or trlch1oronhenol 

f.l e r cac t ion ". il S f 0 li n d t 0 r roc ("C d 

t,il rOll g h t lt e for mat Ion 0 f Tl '1 e n 0 x v r il d i cal s. \,' il l C '1 S l' r v t' d t 0 

l n J Il C c fur t n l' r d e c 0 m nos l t Ion 0 f r h e n 0 x 0 C 0 pre r ( 1 l ), !\ :'1 e C Il -

anlc;m of autoacccleriltion 1<, nrono'ied. 'lhe adùItion of 

frpp radical lnitlators anJ c,lrbon tetraitallJl'~ was fOUDJ 

to pnh3nce thp Jecomposition. 

/~ 

Oxvgen or hvJropcroxlùcs were 

fou n ù t 0 g en e rat e 114 - 0 x 0 COn r e r (1 1) co m pl p xe sa,> 5 l de, r e a c t ion 

nroduct<;, SUltable adiustment of the reactl.on conJitions 

nerrnltted the formatIon of tltese comf11exes as the sole COl'-

per-containinç; product, provlJing a unloue mpt:lOd of ,>vntll('-

<ilS of 114 - ~ ,x 0 cor r e r ( l 1) C 0 m nI exp 5 f rom 0 the r Tl h e n 0 x () - n ~' Il t raI 

li~and-corper (II) complexes . .. 
Decomposition of 4-hromo-2.h-dl­

chlorophenoxocopner(II) results in a nellrlv-linear l'olvner 

of very high molecular weight, 
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1. Chemical formulae: 

Pv = pvridine 

TCP = 2,4,6-triCh"41phenOXO 

TBP : 2,4,6-trihromophenoxo 

TIP = 2,4,h-trilodophenoxo 

C1
2

BrP = 4-bromo-2,6-dlChlornJ'lhenoxo 

u~sn = dimethvlsulphoxlde 

U'!F : ùlmp-thvlformamlde 

TJ1P() = trlPhenvlphosphine oXlde 

1 n cas e s wh e r e t:1 e n h en 0 lis s u h s t 1 tut e cl l n the 

.2 , 4 , h- nositions hv iùentical grouns, an ,1 hr ev lat~>.d -
H. 

~omenelature wlll OC used, (' • g • 2,4,6-trichro(on~~nol 
-. 

( -
w111 ne referred ta as trichlorophenol. 

3. The plien1jxo-nvrldine-copner(II) comnlext..'s are allt"l'Vllted 

as D 11 ern b x 0 C 0 p n e r ( 1 1) th r 0 U g hou t t il i St the c; i c; . [hi" 15 

not to he eonfused with copper(rI) trichlornnhenolate, 

~u(TCP)~, which was u5ed~6nlv 1n the ~reparatlon of 
"-

various phenoxo-lip,and-cop~r(II) conplexec;. Jn cases 

where ncutral ligands other than pvridlne are lnvolved 

in the complexes, -tllese llgands wlll be Included ln the 

nomene lature. 

4. 1he terms phenoxv, phenoxvl and aroxvl radicale:; h.lve 

been used intcrchangeablv in the Ilterature. Chcl'dcal 

Ahstracts prefer5 phenoxv, 50 this term will ~e us~d 

ln tni<; the<;ls. 
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(Xill) 

5 • 
-~ 

The term-s-~uinone ketal and quinol ether are same- ---tlmes confused in the literature. Compound 1 is a-

1 
quinone ketal if R - O~ , otherwise it is a quinol 

ether. 

.... 
, . 

'" 1 

The lerms redistribution and equilibratlon are 

svnonvmous for t~e~coupling mechanisms. 

7. Polv(2,6-dlsub5titti~ed-l~4-phenvlene et~er) will be 

referred to as polyphenvlene ether. The n.1.me "polv-

rhenvlene oxide" i5 al;;o widelv used ln the literature. 
~ 

8. Electron spin resonance spectroscopy and nuclear' 

magnetlc resonance spectroscopv will sometimes be ahbre-

viated ESR and ~MR ipectroscopv. resnectivelv. 

l' 

, 
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l l Origin of the Problem 

~, l 

~ ... ; :. 
In 1959. Hay and coworkers 

. ~. 

discovered a method of oxidativ'e coup11l1~of phenols to 

". 
V 1 e 1 d h i R h mol ecu l, a r \J e i g h t Dol Y - l • 4 - p h e n y i e n e eth ers (1) . 

• 
o 

The rcaction \Jas carrled out at room temperature bv passing 

oxvgen through a solution of "the phenol ln an organlc 501-

vent containing an amine and a copper(I) salt as catalvst. 

-. 

r- ... 

, -t<ot', -+- + ~ ~ , l - j . 
l --, 

J. , p- ~---

~" 
1 -

; 
t:; 

~ -'.' 

':p~ ~- - -
\. - _ - _ -\.., 

.l. -

l ,. (i 

~ .:::.1 
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The active oxidizing agent in the oxifIative coup,ling rea,c-

tion WélS s~own to be an a,mine-copper(II) complex. The role 

of the oxygen was to oxidizeethe copper(I) ions to copper(II). 

The reaction ,gave onlv simple p'1;oducts '"ith the 2,6-ci1substi-

tuted phenols, but a large nurnher of the latter were shawn 

ta underga reaction, equations l - land 2. 

\ 

:.Jhen the subc;t ituents were small, 

, 5 U C n "a s met h vI, the c ,a r ho n - 0 x y g en cou pIe ct pro duc t, l -- l, 

~d5 maLnlv ohtained. On the other hand, with hulkv group,>, 

suer. :1e; tert-butvl, only carbon-carhon coupled 'products, 

lfJ.; \Iq, . 
~. 

1 - ') -. were ohtaLned ln suhstanti~l amounts. 

2,6-disuhstituted phenole; with 

hhlogen subst1tution at~t~e 4-nosition h~ve also been 

-
oxidativelv 'coupled by copper (1) compounds, but 1n a non-

catalvtlc manner. 4 - h"a 1 0 g e,n él t e d - 2 , li - d 11'1 eth vIp h e no 1 s, su b -

lected ta toe oxidative coupling ~eactlon, absorbed an 

amount of oxvgen e'quivalent to the amount of copper(1) 

salt ~resent and then the reaction stopped(2). This was 

due to the halogen releascd fYom th~ 4-posiiion ~eactin~ 

,wlth the copper(1) ions, producing a copper(I1) hall.de, 

1 - J, WhlCh is incapable of oxidizing the phenol, equa-

tian l - J. 

\ 
\ 

\ 

", .,.., 
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Staff in and o Price(3) prenared . ' 

11 i g h mol e e u l a r wei ~ h t pol v (2, 6 - d i met h Y le -11 4 - P he n vIe n e 
iIlJ. 

ether) from 4-bromo-2, fi-dimet hylphenolat e ion wlth a num-

ber of oxidizing agents such as lead dioxide and potassium 
~ 

\ 
ferrievanide. 

The reactions deseribed above 

we"re extraordinary because of their a,pparent extreme sim-

plie itv. 
~ 

Fur the r m 0 r e. the v r e pre sen te d, the fit' st sv n the sis 

o f h i g h m'a 1 ecu l a r wei g h t pol Y P h e n y 1 en e eth ers • Previous 

.' 
studies on the oxj.dation of phenols, which are summarized 

in four excellent reviews(4-7), have yielded as Rroducts 

simple,aromatic ethérs. oligomers, or a variety of complex 

pro.ducts. 

/ " 

. , 
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\-lhen unsubstituted phenol was 

~ 
t e d w i th 0 x v g en in p y r id in e sol u t ion, i n the '1).-.; e 5 e ne e 

of capper(I) chlaride, a rea'crl.on accurred. Howev er, 

insteaù of nolvmer forming, an intractable, tarry residue 

r e s::-01 t e d (8 ) . This is not surprising since the unsuhstl.-

turet.! 2- ~nd h- ,~ositions are expected ta manlfest il 

rC.:lctlvlty towards coupling comparahle to that of the 4-

1 ~ 
position, and extensive branching can occur. Coupi ing 

t' • '! 

mav be sllghtlv nreferred in the 4- positlon(':9). Either 

carbon-carbon c0upling, or carbon-oxygen couplinr, can 

occur at the 2,6- and 4- positions. The r e a c t 10 n will 

onlv proceed cleanly to giv~, polY-l,4-phenvlêne etnere; 

"'hen tlle 2,()- positions contain relativelv stable sub-

stituents such as alkvl groups. Suhstituents in the 2.6-

pbsltlons which are readily displaced, for exarnnle halo-

gens, lead to sorne branching. Polvmer from the oXl.datl.on 

'Ii) 

of 2-chlora-6-meth~lphenol showed a 105s of 15% chlorine 

(~) . It 'should~e noted, however, that linear"unsubsti-

,) tutcd polv(phenylene ether) has been successfully pre-

parecJ under certain reaction conditionsOO-12). 

The mechanical, chemical, 

and electrlcal properties of polyphenylene ethers (13) 

h a v (> pro v ide d the i n c e n t ive for tn t e n 5 ive r e 5 e arc h, in 

this field in the past twelve years. Recent stud ies have 

" 
! 

- ( 
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shown that apart from the compounds of copper, iron, and , 
lead first used as oxidants ~ for the oxidative coupling .. 
reaction, it is also possible ,to obtain reasonable results 

w i the 0 m pou n d 5 0 f cob aIt (1 4 , Il), man R a n e s e (1 6), nie k e l Cl 7 , 

18). alumina(19), metal oxides(20), persu,lphares 
1 

(21), trl-

... " tert-but""lphenoxv radicals(22), and or~anic peroxides(23). 

'1 ost 0 f the s e r e a c t ion s, h 0 101 e ver, are uns \l i t a b l e for h. i n e -

tic qtuJ les since the v involve either heterogeneous oxi-

çiants, or diffusion processes ~,hro'ugh the interface of 

.1queous alkall-aromatic solvents. Sicle react ions can 

re~ult v.'lth tri-tert-butvlphenoxy radl.'Cals or organl.C per-

oXldes. The copncr(I)-phenol oxidation system provldes a 

'i-)O~enebus reaction. 

svsten for the klnetic 

It therefore represents the tlest 

and mcchanistic studv of the OXl-, 

datlvyouplin g of phenols to polyphenvlene ethers . 
.. 

.. Recentlv lnt,erest. in the 

o X l. d a t 1 0 n 2, 6 - d i fi h env l p h e n oIt 0 p () 1 v (2 , 6 - d l fi h env f - ,1 " 4 -

f1hcnvlene ether) has accelerated (24,25). It ",as found 

t n a t n rob l e'l1 s 0 f d e g r :l d a t ion exp cri e n c e d for p 0 1 Y (~ , 6-

d~methvl-l,4-phenvlene ethèr)'were not as COMmon in t.!1is 

polvmer. 

The 0 x id Il t ive cou p l i'n g 0 f 

phenols with copper(I) chloride as catalvst is very com-

\ 
) 

" 
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plicated as evidenced in several reV1ew articles(26-30). 

Despite the va~t amount of literature now ava11able, the 

overall mechanism is still nàt· .o'Ümpletely understood. This 

applies particularly to the role of the oxldant. l t was 

shown(31) that the sole function of the oxvgen in the 

catalvtic react ion i5 to oX id~ze copper ('1) to cOpner (II). 

,) 
,/ Copper(I) salts .... ould not catalyze the coup11ng of phenols 

<' 
in the ahsence of oxvgen. 

"-
~;either would autoxidation of 

copner(I) proceeJ in the ahsence of am1ne. The structure 

of the catalvst 1S not known. The exact rolC' of the 

catalvst in the oxidation of phenols 15 not defln1tt:!, 

although it 1S almost certain to involve a phenoxo-aminc-

copner(II) intermediate(2,31) and an overall mechan1sm 

h a s b e e n n r 0 p 0 'i e d, e qua t 1 a n ,5 l - 4 t 0 7. 

...... , 1 - \ ..., .... _...::...-_~>- -'~.',' (:L. : -C~_ '1. ,-
1 

;-'. r "i 

::"r , T , ~""C~(T)r:' 
;z 

1 
1 

i 
1 
1 (1 

1 -

.l. -
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(' t l -. ~ , 

"--,,""J(~ ~r:l + 
'2 

f;akaoka(32) have'conducted 

~ore recentlv, Priee and 

further s'tudies as to the 
" 

role of oxygen in the oxidative coupling of 2,ti-dimethyl-

pheno,l using copper(I) chioride as catalyst. Thev have' 

proposed a similar hut more detailed mechanism, as shown 

in equatians r - 8 ta Il. 

.1 

il 

1.. - ( 

f.. ri', . -~ .......... Cl~ ,.(r'Y) li, ; .............. .,#"Cl ............. ,.,-(jy) 

Cu l .:: - ), CU(l!) 

(Py)~ ............ Cl../'l" "-... 

1. - 1') 

GAr 

.... 

+ .. ArCE 
l fi., a 

Cu (I l ) Cu ( i . ,) 

(['y)-:: ~C] ~ ........... 
'-'li 

~ 

\ 
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The r e are a nu m ber 0 f 0 t.h e r 

reaction features which are not fully understood. The 

react10n depends on-the molar concentration of amine rela-

tive to the copper concentratlon(33). Using pvridine as 

the aMIne, lt was found that polvmerization proceeds most 

effectlvelv~at a molar concentration ratio of 10 ta 1. 
.. .,(1-0 &. 

The rC.:lction is 3150 dependent On the bullèlness of the amIne. 

1 
This thc'>ls will deal \..'lth the 

no~ogcneous thermal decompositlon of his(2,4,h-trlhalo-

nl-jenoxo)bis(r:Hidl~c)copper(II), 1- 4, to nolvT'1cr, equa-

tian 1-12. 

.. . \ 
> .... 

foZt" ~-frs') 
il - '-

C ' " 
~ , 

• ~! ·r > .. 
J 

r '. 
- l, 

• This reilction, which was first described hv Blanchard,_ 

et 31(2), was chosen because it was felt that the stahle 

phe,noxocopper(II)- complex closclv rescmbled the proposed 

phenoxocopper(II) intermediates in the catalvtic polvmerl-

zatlon. The overall mechanism of oxidative coupLinp, of 

phenols can be described in two stages. The first stage 

l' 
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deals with the oxidation of copper(I) to copper(II) and 

the formatIon of a phenoxocopper(II) intermediat,e. The 

second half .involves the decomposition of this inter-

mediate complex wit~~the subsequent formation of polymer. 

; 

Commencin~ with a stahle phenoxocopper(II) complex would 

eliminate investigation of the fl.rst stage, and permIt 

complete emphasis on the mechanl.sm of carhon-oxvgen cou-

'l'hIS thesis ,,'ill show that thls stage, as weIl 

.:lS th., f irst stage, 18 verv compl}cated. 

l 2 ReactIon ~echanlsm 

A. Role of the Copper(II) Complexes 

It has been sho\o.'n that onlv a 

11mIted number of copper(II) complexes wIll oxidativelv 

couple phenols effectivelv(3l). The mo'>t active reagents 

were products of the autoxldatl.on of varIOUS copper(I) 

salts. D e t a lIe d' s t u die son the a u t 0 x .1 d a t ion 0 f the 5 e 

cOPller(I) complexes in the absence of phenol led to infor-

mation regarding the catalyst structure. One prôduct, 

wh i cha na lys e d a s P yeu Cl (0 C H 3"), w as fou n d t 0 b e a t le il s t 

as actIve as conper(I) chlor~de in the oxidation of 2,6-

, 
d i met \1 vIp h en 0 1 lN h en use cl i n e qui val en t am 0 u n t 5 b a s'e don 

corner content. The structure l - 5 vas postulated for 

t h i s c 0 m pOU n,d • 

\ 
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/~ 
y 

plex was prepared from-co-~per(I) chIorlde, 

h y e i the r r e a ct ion l - ).:} 0 r 14. 

or 

C, } 
\_~ 

(' ,r;-

J . , 

i -
1"1 .... 
. J 

A small number of coprer(II) complexes containi.ng ·hydroxvl 

p,roups. was aiso found to be active oxidizing agents. 

Attempts to prepare phenoxo-

pyrl.dlne-coppeD(JI) complexes by a reaction ana1ogous to 

l - l4·led to a variety of results, sorne of which are 

depicted in reactions l - 15 to 18. 
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• 
CH " ~ 

C.::::l.., ' + 

~
'-" 

O ", ,- . 
- l, 

~l 
,~ l 

,..., 

-r('· , 

~. 

-"":: 
''-ta • 

This sequence of react10ns offers a ~b~,J.t deal of lnforma-

tion regard1ng the overall mechanism, and provides strong 

support for the hypothesis that phenoxocopper(II) complexes 

and phenoxy rad1cals are involved. 

Blanchard, ct al(2), have pre-

pared and characterized a number of stable phenoxocopper(II) 
, 
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complexes From polyhalogenated phenols, Table 1. The onlv 

4 \ 
stable complex posses~in~ an alkyl Rroup was 4-~-b~tyl-2.6-

dibromonhenol. Even this could not be recrvstal11zed since 

it decomposed 50 readily. This was not surprisInr, Slnce pre-

vious work(H) had shown that substltuents \.,.hich dlminlsh tne 

rC'duclng paw"r of the pnenol, ie .• electro-nep,ative groupe;, 

tend to reducc tnc polvmeri7ation rate. For cxamplc, 2,f,-
, , 

Jlmethvlphcnol polvmerizes readily at room tcmpcrature. but 

o 
tl'mperatures in the neighhourhood of- 60 C werf? r('q~lred to 

o x i d i z e '2, A - d 1 chI 0 r 0 p h e n a 1 . The n r o.d u c t S 0 f the t h (' r mal 

decomnosltIon of 
.......,. ... , 

the aforementioned stahle copper(lI) com-

plexes ;;ere characterlzed, Tahle 2 and 3, out little was 

offereù in the way of mechanisms. 

Harrod also reported the nre-

paration and decompOSltl.On of severa1 noenoxocopper(II) 

complexes(34) using 2,4,6-trichlorophenor._~nd a varl\etv of 

-. 
neutral 1ig<lnds, Table 4. 

A number of phenoxosilver(l) 

complexes ",as also prepared and decofnp'oc;ed, Tahle 5. 

ThIS allowed comparison with the phenoxocopper 11I) com-

~ 

pounds and with the preVIOUS work bv Hunter, et a1(9). 

The 101.1 41ecu1ar 1.1eights of the polymers were attributed 

to the fact that the' silver compounds were insoluble. 

" .. 
, 
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TABLE 1 

Phenoxo-Pyridine-Copper(II) Complexes (2) 

------ --- - -- - - - -- - - -- - -- - - --
Parent phenol 

----------
x y 

Cl 

Cl 

H Cl 

Br Cl 

Cl Br 

tf'rt-Bu 
\ 

Br 

Cl CId 

tf'Tt-Bu 

Resulta b 
Co1our 

______________ 0_ 

Low polymer 

Low polvmer 

Stable 

Stable 

Stah1e 

Stable 
....,. 

StabJe ... 
Stable 

Stable 

~1i x tu re e 

~:~. 
" . 

Deep brown 

Deep brown 

Red-brown 

'" Red-brown 

Red-brown 

Red 

Deep,brown 

,Deep qrown, 

Brown 

Tan 

----.,!:..i------ ------- ---

Decomp. 
a 

te mp. C 

-~-

125-1~7 

237-240 

143-145 

130-132 

123-125 

108 -11"0 

192-195 

a -Bv stahlE' 1s meant, the compound is capable of isolation 
and c~aracterization. 

b After recryqtallizatton. 
c .2,4,6-Tribromo-3-methoxyphenol. 
cl Pentach1orophenol. 
e ~ixture of complex plus decomposition products. 

( 2) H.S. Blanchard, H.L. F1nkbeiner and G.A. Russell, 
J. Po1ym. Sei., 2!, 480 (1962). 

: . 
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TABLE 2 

Thermal DeCOmpOS\tion of 

PhenOXO-Pyridine-C~p;er(I~-ComPlexes (2) 

y 
2 

--~ - ----- ------ ~- - -- - -,...---- - ----
Parent phenol Time, 

hr.
a 

Yield, % L~J-

Cl 

Br 

Il 

Br 

Rr 

Cl 

Cl 

Cl 

c 
d 
e 
f 
g 
h 

- -- -----~--- - ' , 
y polymer 

Cl 2 . 92 88 

>:"_1 
.-

Br 0.20 Vnstable 

Cl 12. 
d 

0 0 

Br 
e 

0.75 83 ql) 

Cl () • 25 84 f qf) 

c. 

Br 3. 97 t-
el g - .... 

(0 
1 (j ... ,,-,'" - () 

"-, 

el g 2 ~- \ , 
.,. """-!!. ... \-- ,j87 

-----

Time at reflux in- toluet;le. 
Intrinslc viscositv, CHtl

3
, 25 0 e. 

Ehuillometric. C6 H
6

. 
Re fluxing benzene. ~ _,~-, 

-t: >1 

2,4,n-Tribromo-3-methoxvphenol. 
60'"" Pv CuBr. 
Penta~~lorop~enol. 
Refluxlng dlphenyl ether. 

h dl./g. 

o.Of, .. 9,000 

0.02 2,3()() 

0.n7 Il,1100 

0.01 

1).02 

,-----------

(2) ILS. Blanchard, H.L. Finkbeiner and G.A. Russell, 
J. Polym. Sei., ~, 481' (1962). 

'-- ~-

.. -
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TABLE 3 

Thermal Decompositi9n oJ Bis(~,4,6-trich1orophenoxo)­
.his(pyridine)copper(II) Complex in Various Solvents. (2) 

---------------------------- ---

'., a 
Solvent Time, hr. PY2CuClt 

t 
polymer 

Il 
~-- ---------- - --"--- - - ------

Cfi H6 1.25 100 100 0.05 

pv c 
2. o o 

C Il /Pvc,d 
6 f, . 0 

5.25 15 

C
6

hfj/PV c ,e 4. o 

Isooctane 
e 

4 • o o 

Acetone 
c /' 

96. 'J 0 o 
Q 

, 
C()H5~O~ 2 . 96 92 ..- G.05 

CHCl) l. O.02S 

CfiHSCII) 2 . 92 88 0.06 

CH 30ll 
c 

2 . o 

Cvclohexene 
c 

3 • f) 

,,~-

~ 2 C_1 4 2 . 0.05 

-------~-----

a 
b 

o c 
d 
e 

Time at reflux. o 
Intrinsic viscosity, CHCl), 25 C. 
Reeove~ed ~tarting material. 
47 pvridlne. .' 
2'17..pvr1dine. 

(2) lI.S. Blanchard, H.L. F1nkbeiner and G.A. Russe"ll," 
J. Polym. Se1., ~, 482 (1962) • 

. , 

o 

•• 

\ 

. 
,,~ 
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The r mal S t ab i li t Y 0 f" Tri chIo r 0 p h e n 0 x o~ c 0 p P ,e r ( l l ) C 0 JI! pIe xe s ( ) 4 ) 
____________ -'"'--_____ <'J~, • _______________ _ 

Neutral Ifgand 
.,.F~ 

Biquinolv l 

Trlphenvlphosphlne 

2,o-Dimethylpyrldine 

Ammonia ethvlamine 

Pyrldine 

~'one ç? 

o-Phenanthroline 

---------'r 

J 

" Thermal behavlor 
--------- -- --- ------

r, , -, , ' 
ff! 'J'''-
.J '(.""" 

1" :.. 
r ..... 

Tc{o unstable to be isolated 

Too.~vrstable to b\e isolated' 
oA....'f ~~ 

,'" , 

Stabre enough to be isolated as 
soUd. _ 
L i f~ t i ~e in ben zen e - hou r s a t 

, ) 

room t;emperature* <li 

) 

:J Î~<"; - .. 0 
Ra pi cl' d e <I~p. a! ~ 90 C i n SOl~. 
Lifetim'eD:jtn benzene-s~ days at r om 

temperature* 
"'--. 

o 
S h a r p de co m p. a t 1 2 bl2 7 C i n 
solid. 

/ 

Li f e t i me i n ben zen e ~ mp n t h s a t 
room temperature*, ~12 hrs. at 
80°C. ':, 

Sharp qecomp. a,t 143-145°c' in 
solide 

m. p. , 

m .,p. , 

G 0 -

m.p., 182-1~ ,Co 
Li f e t i me i n 'iJ'è"n zen e ~ ye ars 

o 0 
m.p., 220 C; decomp. - 220 C. 

--- - ---- ~-------

* -Dbservations mad-e--lrn numero"us solutions. 1: 

( 34) 
s~, 

J.F. Hçrrrod,-·Can. J. Chem., 41]; .. 641 (1969). 

c;J7YI" 

L-
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TABLE 5 

Decomposition of Phenoxos11ver(I) Complexes (2) 

y 

x-Q_ OAg 

"'-y 

Parent phenol 
Yield ----_&---------

S 0 f t e n i n g [7J 
x 
--~ 

y 

Method of 
decompo­
sition a Ïo ' i -"-.---

,point b 
... _ 0 C __ -" _____ d 1-_, {g_, ___ -,,! ,_~"-C 

Br 

Br 

llr 

Cl 

Cl 

Br 

Ilr 

Hr " 

Cl 

Cl 

Cl 

Br 

Br 

Br 

Br 

Br 

Cl 

Hf 

~!J 
Hf 

Hf 

Cl
g 

A 

B 

C 

A 

B 

B 

C 

B 

B 

A 

B 

A 

B 

-h 

/ 65 22 0 (f. () If 

48 t7 O.D6 l60Q 

21 f) 

30 200 2100 

20 185 0.10 1600 

72 260 0.04 7500 

44 ln 0 

6S 180 rr.04 5500 

60 200 UO,OS 8000 

140 1500 

4S 1500 

40 l'ln 21!) 0 

15 n 180n 

40 195 O.OlS 1200 

-------------------,,--- ---'--,---- ---. -
a A= ethvl iodide. heat; B: C6H6, heat; C= Py!C6IlSCH3, heat. 
b In t r'i n sic vis cos i't r" CHe l 3. 25 0 C • 
c [bulliome~ric CfiH6 or CHCl). 
e 2,4,6-Tribromo-3-methoxyphenol. 
f Polymers con,tained 20-307. residual halogen. 
g Pentachlorophenol. 
h Deeomposed in reflux1ng xylerie. 

-'(::4)_ B.S. Blanchà"rd, ILL. F"i~beiner and G.A. Russell, 

J.Polym. Sei., ~, 483 (1962). 
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De C 0 m p 0 5 1 t 10 n wa s c a (r 1 e,d J, u t und e r he ter 0 g e n e 0 use 0 n d 1 t 10 n s • 

B. Decompos 10n of Phenoxocopper(II) Comt)lexes to 

o~nylene Ethers 

'. 
t 

Preliminary work on the OX1-

'dat'ion of 4-halo-2,6-dimeothylphenol'.was interpreted in .... 

terms of the formation of comp1exed ,phenoxv radica1s(2), , 

• with copper-a'ssisted transfer of hà10gen atom, ,'equation 

l - 19 tO
b 

21., ~1 0 r e r e c en t W 0 r .1<. , includ.ing that des~rlbed 

1 in this thesis. indicates that there 1s no tissoclation 

between 
, 

the phenoxv radicals'and cop?er(I). 

\ 

Î -. 

'. y 
+ 

r< , .. 

) 

\ 
""" 

l -

...... . 
......... .."i- .... 

-!.-' 

..... 

1 , 
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The existence of phenoxv 

r .3 d i c~a l 5 i s weI l k n 0 w n ( 3 5 , 3 (> ) • r, If phenoxy radicals are 
f 

lndeed formed, then under comparable conditions, the 

resulting radicals should be detected by electron spin 

r e son d n ces pee t r 0 9-C 0 P v pro v ide d t h . .e y are con c e n t rat e d 

and stable enou~~l. This was found to be true for tri-

tert-butylphenol(31), eouatlon 1 - 18. 

, 
\ Cook ha s r e po rte cl ( 3 7 ) t h'a t 

) 
the tri-~-~utvlrheno~v radical assumes a very deep-

b-l u e col 0 ur. As early as 1917, Hunter noted the forma-

tion of blue to blue-green colours(9) during extensive 

~ 
research on the decomposition of phenoxosilver(I) com-

plexes . 
• Staffln and Price(3) observed the formation of 

a green colour which faded on warming when 4-bromo-2,6-
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') 
dimethylphenol ""as treated with a catalytlc quantity of 

iodine at -70
D

C. Cook and Gilmour renorted that when 

trlbrornophenoxosilver(I) in benzene ""as treated with a 

- .1 

crystal of iodine, the benzene assumed an intense blue 

col our (38) . This colour faded on standing for an hour. 

The<;e three reactions aIl resulted in the formatIon of 

polvmer. On repetitlon of thcse reactions, Blanchard, 

et al (2) ,,,,,ere not able to detect anv electron SP1n reso-

nance signal. Th i s 1.70 U l d lm ply th a tel the r the col 0 urs 

were not due to nhenoxy radicals or that their concen-

tration was somehow tao low ta be detected. l t l S 
\ 
\ 

lmprobahle that anv colour could be detected in thc decorn-

positIon of phenoxocopperCII) complexes since the latter 

are alreadv intenselv coloured. 

Harrod reported the eXlstence 

of a ligand-to-metal charge transfer band (34) in tllc near 

ultra-violet. Such a 10"" energy phot.ochemical char~e trar.s-
" 

fer excitation is ln accord \o.'ith the hypothesis of a 

facile homolvsis of the Cu-O bond. 

Kopvlov and Pravednikov failed 
1 

to positlvelv detect phenoxv radicals bv electron spin 

':' 
resonance spectroscopv on decomposing a solutiotl of 4-bromo~ 

2-methylphenoxocopper(II) prepared from freshly autoxidized 

copperO!) and 4-bromo-2-methylphenol 10 an inert atnos-

phere(39). This i500t surprisiog in vie"" of· results pre-
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sented later in this thesis. 

Huysmans and Waters(40,41) 

have reported that by passing a solution of a phenol ln 

henzene through a- thin layer of a solid oxidant (sllver 

1 

oXlde or lead dloxide) placed in an electron spln reso-

nance cell, it \.Jas possible to record the sncctra 'of many 

unstahle primarv radicals, includlng 2,6-dimethvlphenoxv 

radlcal. When the flow was stopped, strong electron spin 

resonance spectra of secondarv radlcals developed. These 

J 

~ccondarv radicals were ~hown to be due to coupllng at 

the 4- position. It was found that 
on h~~ "", 

1,n intensitv, onlv 

, \ - ~,~\" 

secondarv radical spedru;r i~c';,~,~sed 

to return td the orlglnal level on'eooling. 

bIc behaviour can he understood h~ assumlng an equlli-

brium betwecn the radicals and quinone ketal intermcdi-

ates which will he describcd l'ater. 

Very recently, Tsuruva, 
i. 

et al, detected bv electron spin resonance spectroscopv 

the formation of phenoxv radicals d~ring the Solld-state 

thermal decomposition of trichlorophenoxo- hexamethvl­
.( 

nhosphoramide-copper(II) complex to polvmer (42). This 

rcsult confirmed the participatIon of phenoxy radicals ln 

ith1s type of coupllng reaction. 

e ) 

) 
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" . , 

C. poly;r~r" -Format"ion 

'q, 

i) Introductorv Remarks 
>, 

Polymerizations are generallv 

claSSlfled as polyadditions or polycondensations. Polv-

a cl cl i t 1 0 n lm pli est h a t a ~ r 0 win g rn 0 1 e~ u l .1 r c Il a 1 n r e a c t 5 

onlv wlth monorncr units. This could proceed through two 

posslble mechanlsrns. The fIxst method,~nown as chaln-

growth polvmerizatlon, involves the colvmer molecule 

growlng extremelv raplJlv. Il i g h pol y mer i c; f 0 nr. e u a t t h l' 

very start of the reaetion. If termlnatlon 1S occurrlng, 

t!lt' concentration of polvner molecules growing at an\· 

lnstant wlll he verv 101.7. The intermedlate reaction nl.X-. 
~ 

turc, tnerefd're, consi5ts mainlv of lnactive h1gh nolv-

mer and unreacted monomer. 

/ " 

The second "'lèthoo of pol\'-

additIon involves nolvmer chain growth DV a series of 

discrete reaction steps. The Interm~dlate sta~e of rolv-

merization consists of polvmer chains canahle 0: further' 

growtn bv reaction wlth monomer. The number-average nole-

cular weight of the polvmer thus Increases proport1.onatelv 

with monomer convers~on. I,n general, the intermediates 

in step-growth polvmerizations are relativelv stahle. 
1 
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Polycondensation a1so implies 

" J'. 
a step-wise reaction. However, polymer growth occurs through 

reaction with other po1ymer chains as w-ell as with monomer. 

Long reaction times are essential to ô'h~.in polymers of hl.gh 

nu m ber - a ver age m 0 1 ecu 1 a r loi e i ~ h t s ": 

During the catalvtic oXl.dative 

coup1ing o,f phenols, the degree of polym€rization remaln5 

q U l tel a w t h r 0 u g hou t m 0 s t a f the -r e a c t ion, but ris e 5 s h a r plv 

towards the end(43), Figure 1. Identical polvmers \Jere 

o b t a i n e d f rom d i mer s. tri mer 5 and 0 the r 0 1 1. Rom ers "':1 i c h \J f.! r e 

used as "monomers". This type 04.: behaviour 

" '-0 n 1 vif polvmer mo1eéules are reacting with 
, 

well as 'Io11th the monomer(43,44). 

\ 
A 

.' 

c a n b e e x 0 l a 1. nie d 

each other as) 
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Figure 1-1 

Dependence of Degree of Polymerization on 

, 

Fr~ctional Polymer Yield* 

* reproduced from Ref. (43). 

f' 

" ... 
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1 

The couplin~ of potym ---' 
must a1so be revers~b1e in order t~ account for 

10w degree of po1ymerization throughout Most of thp course 

of reaction. Remova1 of water bV addition of Magnesium su1-

phate in equation 1 - 1 great1y enhanced the rate of poly-

mcrization(33). Redistribution of phenolic dimers wlth a 

numher of other phenols(45,46), and the depolvmerization of 

poly-2.6-dlmethvl-l,4-phenvlene ether with 2,6-dimethvl­
J 

phenol lend further support to the reversibilitv of the 

reactions. 

, ' ii) Suggested Mechanisms 
---- --î 

In order to explain the .. above 

-
results, three- mechanisms were proposed(47,48). 

~ 

a) End-linking of Polymer Radicals 

In this mechanism. which i5 

~ e ri.' e ra Il y r e f e1:" r ed t 0 as the Il u ne 0 U pIe deI e c t rD n Il mec ha n i sm , 

'P91ymeric ~henoxy radica1s couple directly; with the oxy~en 

atom of one, attacking the 4- position at the end of the 
,"'.. J -... . 

:chain of the other. This implies the abilitv of an electron 

,. 
to transfer from head-ta-ta il in a polymer chain, equation 
~ 

l - 22 to 23. 



This mechanism postula~es the 

formation of quinone ketals by the combination of two 

phenoxy-radicals. followed by rearrangement. equations 

l - 24 and 25 • 

• """ 
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1 1 

• (~ . 
0 0 

Ill,*,R2 '> ~~R2 "' 

') - 1 1 
~ &0 o~ 

l - 24 
0 

R3'î6rR4 
OR" Rl o~ 

R_ 0 
" 

1-7 

"Cl 

• 

1 - 7 ::;;;",=='=::" 

,1 - ,~5 

, 
Rearrangement presumably takest< pl,;",ce by a series of el'~ctron 

'\Î~ 
dlsplacements involving concerted homolytic breaking of the 

ketal C-Q bond and formation of a new c-o bond as shown in 

equatlons l - 26 to 29. 

.-
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'" Rearrangement usually occurs along the-entire length ôf 

the molecular chain. When bv successive rearrangements 

of this type one of the terminal rings becomes the dienone 
u' , 

rlng, enollzation yields the coupled phenol, equation l -

30. 

-'- -

c) nuinone Ketal ~quilibrati?n 

This mech:1nism lnvolves thl' "'-

formation of a quinone ketal which then dis,oclates lmme-

~ 

dlatcly to either re~enerate the radicals from whlch it 
'" 

\o:as formed, or to produ~e two new phenoxv radlcals, one 

1 
More and the other one less arvloxv unit 

or'l.ginal, equatlons l -, 31 and 32. 

1 

',* ~ 

"'< 

~' 
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1. - '( 

o 

The courlin~ of l''olymer radicals to polymerie phenols 1<; 

tne result of r3Pld redl.stribution of polvmeric phenols 

to produce monomer, which couples witn another phenoll.c 

D1SCUSSl.on of the Prorosed "fechan'lsms 

The mec na n 1 5 m 0 r 'c 0 un lin gis -.-
be<;t determlned bv examinatlon of the "reaction 'products 

at v.ar-lOUS stap,~s of reactlon •• The oXldation of a mixture 

of,phenols has resulted .1n cop'olymers of random structure 

(49), althoughC block 'copolvmers have been obtained under 

special conditlons(50)., ~umerous techniques were emrloved 

.to,'determine the mechanism o"f coupling, of ph~nols, Howevcr. 
/. , 

mue h 0 f t ,h e ev ide n c e r est lè don the ide n tif 1 c a t ion 0 f "t li e 

" 

... . 

l 
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in1.tial products from the ~,~idation of "dimers", eLther .. ....,. 
,,-,ith themselves or redist~ibuted w,ith other .phenols. These 

J imer c; contained mixed substitùtion patterns to faci-
\ 

of t en 

litate product structural identification. , 

\ 
Butte and pr\ce<5l) found chat 

1.n the oxidative polvmerization of '4-.E
3
-2,6-dimethvlphenol 

J 
or 3-»:-2,h-dimethylphenol, 23% of the label in the former 

was retained while 167, of the label in the latter was lost. 

To account for this, an extension of the "uncoupled electron" 

mechanism was nrQposed, eau<!ot1.ons l 33'to 37. Tne r heno-

niu':\ 1.0n, l 8, could'~l,?,:sè the .... Li'- proton direccl'y or undergo ---- -,'"'". - -
Tl1-bii, mid'ation al10W5 beC.Cer resonance 

stabl.litvat the 2,6- positions. 

n 

1 

, ... 

\ .-.----
" 

, -.. 

, , 
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'0=?f(+~' .. ~... , 
"Z' 

'T~ 

1-

t,~*.~ 

; "1 -

, 
~ - ,( 

~lcNclis sURgested an alternate 

i>cheme CO explaln proton migration(52). Here, the "tail" 

of the monomer interacts with the "head" of the macromole-

cule; the opposite of that proposed bv Butte and Prlce. 

Since the \Jork b,v 'fc~ells was performed in an aciùic :nedium 

and involved,_the effect Qf hvdrogen ions, Kopvlov and , 
PravednlKov(53) 1'lodified this mechanism for a hasic solu-

tlon. eouation 1- 38 ta 43. 

\ 
, 

1 - , / 
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1 

' .. ~\ 

- 1.1 

(. ; 

. 
-~ 

l.t was sup,gested that the reaction proceeds mainlv bv 

route l 40 when X is a halogen. Ont h e 0 the r han J' , 
""="-

where X 1s hvdrogen, tri t l U m 0 r tn eth vI, the r roc ([-'8-'S: - c ? u 1 cl 

1nvolve both routeli l - 40 and l - 42, giving an isotopIe 

nroduct. 

There 1s considerable e;vidence 

against the "uncoupled electron" mechanism. 

1) The r e a c t ion i s car r i,e d 0 u tin a n 0 r g a nie 

amine or in an inorganic base as medium, ",here the existence 

l - j 

... 
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of a phenonium cation 15 improbable. 

2 ) K 0 p y 1 0 van d Pra v e d n 1 k 0 v ( 5 3) h~ v e s ho W n t ha t 

the proposed transfer of a resnnance electron through the 

whole polyrner chain ls impossible without rupture of the 

chain. It was suggested that electron transfer could not 

proceed past the second aryl ether oxy?,en. This can he 

more' dramaticallv emphasized(54) in the products of OXI-

datIon of 4-(4'-chloro-2:6'-diiodophenvl)-2,6-dlbromo-

nhenoxosilver(I).I - 10, equatlon l - 44. 

''Q 'r r,,~ 
" '>=- -

T 
I.~ 

~ \. , 

~{ >:~ 
Cl J 

1'1 

If the electron transfer were permitted into the second 

unIt. coupling would bè expected hv disrlacel'lent of the 
,/ 

more -reactive iodine, cont,rarv ta the eXr'erimental result. 

Bolon prepared the stable 2.6-di-tert-butyl-4-phenvlphenoxv ,--- , 

radIcal and found no detectable snin transmi~sion throur,h 

even a single dlarvl ether linkage (55).-
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, 
3) 4-(2,6-dimethy1phe~y1)-2,6-dimethylpheno1. 

r - Il, should be reactive by the uncoupled e1ectron mecha­
~ 

nism. It was found to be incapable of oxidative ~oupling 

(32) . 

; 

( 
l :.. 11 

4) Analvsis of the produets of oXLdatlon of 

varLOus phenol dimers have shown the eXIstence of products 

which cannot be explained bv this meehanism(45). A tvpical 

e~amplQ 1s shown in equation l - 45. 

0\ -\::!j 

F rom e qua t<'i 0 n l - 3 9, 1 t c a n 

he seen that the mechanism proposed by kopylov and 

Pravednikov(SJ) i5 essentially an extensIon of the quinone 

k e t a 1 ID e cha n i sm s .'~ () u in ole the r s, l - l 2, are for me d b v 

the attack of polymerie radica1s on monomeric radlca1s 

t-
rather than with other oligomers, equation l - 46. 
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l - L; 

Co,oper, et al (48), have 

~e~~rated monomer, trimer. tetramer and unreacted dimer 

at earlv r~action times from the oxidative cnurlin~ of 

'" , , '- ' 

4-(2,b-dlmethylphenoxy)-2,6-dimethylphenol. This resuit 

can onlv be açcounted for in the quinone ketal equilibra-

tIan '11t'chanlsm. The ether tl./O mechanisms do not justify 

tlle formation of products with an odd numher of rings. 

This findlng, however, does not rule out: the posslhility 

of the subsistence of the other twa mechanisms, nor Jaes 

'it praye the existence of quinone ketals. 

The dlmers' from -several 

2 ,'6 - cl i s u b s t i tut e d p h e n 0 I s h il V e b e en r e dIS t r 1 h u t e d 'vi 1 t h 

trl-~-butylphenoxy radicals(46). Analysis of the 

varlOUS reaction products lends ddditional support to 

the idea that equilibratien is an important process that 

occurs during the polymerization of 2,6-disubstitued 

phenols. The formation of quinone ketals 15 demanded by 

the nature of these products. 
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.•.• "'Thite investigated the r()di<;-

tri but ion 0 f pol ym f r w i t h d i f fer en t ph e no 1 s ( ? 3 ) . The 

result1ng mixed dimers can only be expla1ned by the Quinone 

ketal equilibration mechanism. 

"Mixed" dimers can he labelled 

AR, where A and B represent the top and terminal rin~s, 

respectivelv. Structural determinat10n of the products 

, 
from the oxidation of these climers offers eVldence for the 

mechanisM of courling. The end-linking mechanlsm woulJ 

c 

predict a perfectlv alternating product, ABAB ••. The 

~ulnone ketal rearrangement mechanism would prediet manv 

hut none with more than two <;imilar rings in succession. 

The sequences ABA, AAB, BBA, etc. were posslble, but not 

BBB or AAA. The phenolie rin~ of every product must be 

il. B ring. The C"Juinone ketal equllibration mechanlsm 

-wduld prediet produets having anv sequence of rings, wlth 

either rlng of the dimer appearing as the phenolle ring of 

thi' polvmer. Intensive research hy '111s, .'lnd coworkers(45), 

showed that the coupling of phenoxy radieals, uSlng several 

mixed dimers, proceeds through the formatIon of qUlnone 

ketal5. It was a1so noted that rearrangement can be com-

petitive with equi1ibration. The higher the temperature 
1 

and the bulkier the substituents, the more preferable the 

equllibration meehanism. This was further supported hy 

WhIte(S6). 
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The dimers examined previouslv 

(23,45,46,56-58) contained either the same substitution 

pattern in both rings, 50 that the.--<:T,ings cou~d not be dis-

't i n gUI S he d l n the pro duc t,or ha dan ope n 2. 6 - po s i t 1 0 n i n 

one or hoth rings. prevent inr the format ion of linear high 

molecular welght polvrners. Cooper and Bennet t (59) hélve 

reported the oxidative polymerization of two "mixed dlmers". 

l - 13 anJ 1 - 14. in which both rings correspond to phen61s 

capable of bein? oxidized to linear high polvmers. ThIS 

nermitted the mechanism of coupling te be inferred from t1j(~ 

structure of a,polymerie produet. Ana'lysis of the polvmer 

bv nuclear magnetic resonance gave res\ul~q which could onlv 

result From equilibration. even under conditions nrefer-
------~---------------- --rIng rearrangement(45,46), the equilibration proeess deter-

mined/t'r,e polymer struc(ure. ! 

(, 

l - l·) 

,4 
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Equilibration and rearrangement 

involve the same quinone ketal intermediate and are com-

plementary reactions. The number of individual rearrangement 

steps requi!ed for producing a polymer molecule solely bv 

coupling and rearrangement of polymerie radicals i5 extremely 

large. '" There 15 a hlgh probabilitv that diQSOclatlon and 

equlilbratlon will occur at sorne stage of the nrocess. Lqu i-

lihratlon mav therefore proceed hy transfer of more than onc 

unit fr'om one molecule to another. The nolvmer e0upllnr 

reactlon l1kelv involve~ hoth equilibration and rearrangc-

ment, with their relative importance determined by reaetion 

condItions ... 

Beeker(60) "howed that the 

o X Ida t ion 0 f 2, 6 - d i - ter t - h u t v 1 - 4 - b rom 0 p h e n 0 l 1 n' the r r e -

\ 

"ene e 0 f pent a-c hl 0 rop henol g~ve a tju inone ketal, 1-15. 

This eould then dissociate at room temperature, equations 

l - 47 to 49. 

~ c*c- [,-, ] 
+ ~ 

Jr CJ S~ C 

r Il 
1 1 

l 
..,. 

2 0 :::J 
C! 

) 
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)Zh 
1 1 

~l ::;'*0 O~v~ 
Cl 0 Cl C:C~; 

('1 J __ 

.1. - l,' 

Cl 

l - l') 

• • 

1:'; ~ ~ 
Cl:«Cl 

~ - ""' + 
"1 r' 

~'*Cl 
'~~ Cl. --

'.;1 Cl Cl 

~,A 
'.' 

f],.. 

_1'. 

D 1 

iv) Ev/id enc e of 0uinol Ethers 
,'. 
.' 

(J 

It 1S weIl established that 

the carbon-oxygen dimerization of numerous phenols results 

in the formation of quinol ethers(35). It is also known 

that this proce5S i5 reversible. Dimroth, et al have i50-
-" 

lated a quinol ether(6l) in the oxidation of 2,4,6-tri-

phenylphenol. Similarly, Kopylov and Pravednikov(39) 

, 
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obtalned a reaction product which ana1y~ed as quino1 ether, 
" 

l - 16, durin~ th8-l oxldatlon of 2-methylphenol. 
-'41 

rr<o C~:>6-1 C';~ 
~'- Il _ 

=C 
:J 

l - lb 

/ 

~ahoney and DaRooge (62,63) 

performed klnetic and thermochemical studies of the reac-

t1.on of tri-'tert-hutv1phenoxv radical with a number of 
~ 

unhindered phenols, equation l - 50. nuinol ethers, 

l - 17, were isolated as reastion product. The rate of 

1 

JecoMposition of these 1uln01 ~~hers back to phenoxv radl-

cals vas calculated. 

c 

.~ 
fi Y 

. r ft 1 - l? 

v ~ ,- - : .- ,-t~: 'E:'"lt: 

(. 

) 
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The forward and backward rate constants in this reversible 

reaction indicated a rapid equilibrium ln the case of 

trichlorophenol , with the redist~tbution step relatlvelv 

slow compared to the diMe~izatlon step. 

lJ • Termination of Polymcr Growth 

The process of terïilnatlon ln 

... 
the oXldatlve coupling of phenols 

.-/ 
is not ûnderstoocY: It 

15 ObVlOUS that lt must somehow involve the destruction of 

pnenoxy radicals. One mechanlsm of termination would 

Involve the destruction of the monomer radlcals through 

carhon-carhon coupling~ Factors which favour carbon-carbon 

c0upllng over carbon-oxvgen coupling include lncreased 

hulklness of the suhstituent on the phenol(I), hI~her tem-

peratures, increased sterlC hlndrance in the aMine, or 

amine-to-copper ratlos(33). ThIS cOMpetition between the 

two types of coupling at varving ligand ratlos was explalned 

(31-33) Lv ,means of .two distlnctly diffe,rent, catalvticallv 

active r~ridlne-copper(II) complexes. These two complexes 

were thougnt to dlffer in the coordinatlon number wltn res-

pect to the amine ligand. The complex with the lower 

coprdlnation number leads to carbon-carbon coupllng, and , 

VIce versa. Th 1 S no t Ion ,"'a s lat e r d i 5 cre d 1 t e d b Y the ,..1:~h s e r -

-
vatlon that tetramethvldiphenoquinone, l - 18, reacted very 

II 
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rapid~y with 2,6-dimethylphenol tO regenerate more dipheno-

a , quinone(64,65) under the conditions of oxidative coupling. 

( 

Repetition of this process eventually removes aIl monomer 

phenoxy radicals0hy carbon-carbon coupling, equallons l - 51 

( 

t 0 53. 
f 

+ S,_'~A __ Â~', 
'r-~-l 

,.. ; ,..., ~ 

l - l ~ .. 

",- ,., 
"u ( ~ \ \'"' L~ -: .. . .) ~--

'-~ 

,; ~ . 
l -

1ermination also takes place 

a 

hv the removal,df the polvmeric phenoxy radlcals. Lndres 

and Kwia1;k reported the existence of one hydroxyl group 

. 
p e r mol ecu l arc ha i n (4 J) i n the pol Y mer i z a t 1 0 n 0 f 2, 6/-\, . ' 

.Ir • 1 \" ,l' 

dimethylphenol. This was based on the hvdr'oxyl absorption 

at 3580 cm-
l 

hy lnfrared spectroscoov, and on molecular 

- . 
welght data. These hydroxyl groups presumably'result fron 

extraction of hydrogen from the reaction medlum. The 

"head" oi the polymercic phenoxy. radicals could react Wl.th 

tne "ta il" of monomer ph e no x y rad i ~ a,:- s, pro duc 1 n g~ qui no l 

-, 
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.y. .. 
- These' 

. -" 
eth~r. l 19. quoi nol ethers c ould t hen enolize 

g i vin g a n h v d r 0 x v 1 g r 0 u p ( 5 7 , 5 8 • 6 6), e 0q u a t ion s l - 5 4 and 

55. The nUlnber-averaRe m01ect;lar weight of ~he polymer 

depends on the equilibrium conditions of' t'he coupling ~.E'ac-

tians . 

1- -

-

01 - ..- > 

. , 
• 

" 

t.h a t the 0 x id a t ive 
N > 

(: 

b 

Pri e and Chu(",7) discovered 

couplinp of 4-bromo-2,6-di~etHylrhenol 

",!th freshlv autoxidized .~yridine-copper(II) salts 'in the 

ahsence of o,xvRcn, result'ed in polvmer containing much 

less than one hvdroxyl group per polymp'r chain. 

• 
\~ 

" 

Thev po s­
o 

.... 
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tulated termination j..nvolving radical coupling' through the 

o 2,6- position, equa'f:ion 1- 56. 

----- -----

c 

The p'olymers prenared from 

polvhalogenated phenols are not only branched. but' seem 

to hav~ very little res-idual hvdroxyl. Golden(68) suv,-

gested th:1t the formation of 2,6-dichloro-l,4-phenvlene 
o(l 

\ 
\ • ether lS terminated by dioxin formation, l - 20. 

• c 

, 

.~ 
l 

fi .' 

\ 

---
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E. Present State-of-the-Art of the Oxidative Coupling 

Mechanism 

Compilation of the,literature 

------on the mechanism of copper catalyzed oxidative ~upll.ng of 

2,6-disubstituted phenols has led to the conclusions shown 

in equations l - 57 ta 70. The first stage of the reaction 

i.nvolves autoxidation of ,l:opper(I) to copper(II). The 
tl 

phenol reacts with copper(I!) giving a phenoxocopper(II) 
". 

complex, equation -{ - 58. Subsequent decomposition of 

this complex produces a phenoxy radical and a copper(I) 

intermediate, equation l - 59. Polymerization results from 

the carbon-oxvgen couplin~ of the phenoxy radicals, equa-
o 

tions l - 59 t.:> 67. Cooper, et al(48). have shawn the 

existence of the quinone equilibration mechanism. equatlon 

l - 67. The proton migrat ion reported by ,Butte and Priee 

(51) can only be explained by coupling of the "head" of 

the polvmeric radical to the "ta~l" of the monomer radical, 

'eqiùtion I - 64. Finally. Mijs and coworkers (45), proved 

that qu;inone ketal rearrangement could also occur. equti-

tion 1- 66. The results of the studies on the degree of 

pol Y mer i z a t ion a t ya rio u s. r e a c t ion t i mes (4 3) c an h est b e 

explained bv qufnone ketal equilibratlon. This mechanism 

wou l cl the r e f 0' r e b e pre dom in a n t for the ox id a t ive cou pli n g 

of 2,6-dimethylphenol under normal reaction conditions. 

Equation 1-(62 clearly indicates that the o.kidat1on of 

4-halophenols does not proceed catalytipil y • Phenols 

j 
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uns u b s t 1 tut e d i n the 4 - po 5 i t ion don 0 t des t r 0 v t h e~ c a t a - . 

lyst and permit re-autoxigation of " the copper(I) produced. 

Equations l - 68 ta 70 represent the termination steps. 

\ 

T 

+ 
, 1 o > r J r:;~. \ ...... 

r 

1 -

l -

- ---, l 

------ -'---- .. 
l -, > 

L - - . 

" 
l - >', 

l >-
~ - ,1 
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F. Review of Polyhalophenylene Ethers 

l, 

Hunter "'" and coworkers (9,54,69-

72), repor:ted extensive Investi~ations of polymers pre-

pared from sllver salts of various polyhalophenols. It 

wa,> cstdlJlished that the polvmers were branehed, but that 

4-halogen was more reactlve than 2,6-halogen. It wa,> also 

\' 

found that the order of reactlvlty of halo~enc; \Jas l'Br>Cl. 

Slmilar polvrners prepared hy 

il 1 a n cha r d e t il 1 (2), 1.' e r e s h 0 1.' n t 0 b e h i g 11 1 v b r a n che d. a '> 

evideneed bv their 10'1.1 Intrinsie viscositv compareJ to 

linear poly(2,h-Jlmethvlphenvlene ether) of apP.:~xlméltelv 

tne same molecular weight. I:.xtensive hr3.nehlnp, has <1150 
~ 

been demonstrated by nuel'ear magnetlc resonance(42). 

Polv-2,6-dibromophenvlene ether 

-t.Jas also found to be highly ~ranched(2). 1) e 1.' a r (73 ) " ,(l. n cl 

frlce(3) have both ,>hown that bromine_ls very readilv dl •. 

placcd bv a phenoxvt radical. 

The polymers ~repared froM rolv-
L_' 

• halogenated phenols(2) generallv featurcd ver ..... -low nUl'lber-
.' 

~ . 
avera~e molecular wei~hts (Table 2). D a rra pre sen te d 1. n 

this thesis will show that this 15 due to the reaetlons 
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u 

having been quenched before maximum couplinr, had been 

achieved. 

lIunter found that polvmerizat~on , . , . 
of 

; ....... 
triiodophenol vielded red or white prochicts(72) depend~ng 

on the reaction conditions. Similar findings of green and 

white polymers were obtained(2) from 2,4,6-tribromo-3-f1ethoxv-

phenol. Llemental analvsis and infrared spectoscopv indi~a-

ted ~Jen~~cal structures in the latter cases. The colours 

w~re attributed to quinone portions(27) from coupling at 

the 2,6- posaion, l - 35. 

~?"--C\-' ,-' - - - -- , - -

/ 
.L - ;-'.J 

This thesis will r~ort trapped "fr 

"-
phenoxv rad~cals ~ n the p 0.1 V mer wh i che 0 u l d a c cou n t 

-. r :-~ 

co] 0 u r 0 f the pol v mer 5 in 1- fi'e a b 0 v e W 0 r k . 

the 

Stamatoff has reported the forma-

.. 
t-ion of linear-Vf}-bc!.1.~È_~chlor,ophenvlene ether) from 

4-bromo-2, Ii-dichlorophenol (74). This polvmer, l - 36, con-

tains only a very small amount of bromine. L'nfortunatelv, 

" 
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no additional information such as molecular weight ~as 

provlded. ' Repetition of this work, reported in this 

thesis, shows evidence that a small degree of branching 

mav also be present. The molecular weight of the polvmer 

i$ also felt to he relatively 10101 compared to values repor-

ted io this thesis. 

The polyhalophenols have 

potential for outstanding mechanical, chemical, electrlcal 

and thermal propertles, prQvI be rre-

oareà llneariv at high molecular weight. he 

modifl~d DV the additIon of stabilizers, autoxidants. 

fIlle~s, pIgments and slmilar additives known in the art. 

Polvhalonhenols have been found to be ~xtre~ely fire reSlS-

taot05). CopolvMers of 2,6-dialkvlphenols and polyhalo-

nhëfiols, containln& onlv small'amounts of the dinalonheny-

-'~~'-'---~~:;:-~.t."!.. .. ~:: advantage" of f ireproof in" with 

" 
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no sacrifice in other physical properties. 

Knqwledge of the mechani~m of 

halo~en displacement of polvhalophenols could aid tremen-

dously in the preparation of a number of other Iinear polv-

(2,6-dlhalophe~ylene ethers). It could perhaps aiso explain 

such as 2,€)-~v attempts at polvmerizatlon of compounds, 

Jlchlorophenol and 4-chUorophenol, have been unsuccessful. 

1 - 3 The Hlstorv of W4-oxo-hexa-U-halotetra-copper(II) 

Complexes 

, 
. """'" 

This t~esis reports the form~tion 

l - 37, a~ side products in the thermal decomposition of 

his(trihalophenoxo)his(amine)copper(II) where L = neutral 

ligand and X = Cl or Br. The appearance of this compound 

('J 
offered a great deal of insight into SOMe unforeseen com-

plexitles in the overall mechanlsm of oxidative coupling 

of phepols. 

'~ " . 

Durin~ the course of the present 

study, a large number of ceppèr(II) complexes (76-84) 

centalnlng 
-~ 

the structural unit Cu
4

X
6

'O, Tahle 6, 
e , 

have been 
; 

~eported by ether workers. In these complexes, a central 

... 

. ., 
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e, L 
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) • Cu 

Q 0 --
-: 

.-
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l - Îtl 
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• Mg 

0 Br 

G O(C
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H
5

)2 

.. 1 

1 



1 

l ' 

- 56 -

TABLE 6 

L X 

~ethanol. cxcess CH
3

0H 

- /f~ 
~,-cvano-pvrrol idine. N = C ~NH 

:;-cvano-piperidine, ~;:: c-c)r;H 

,"--picoline, 2-CH3-C5HS~ 

'-picollne, 3-CIl3-CSHS~ 

~-picoline, 4-CH
3

-C
S

H
S

N 
..... 

?yridlne-~-OXlde, CS"SN =0 

DiMctnvlnltrosoamine. (CH3)2~-N=0 

, 
D1methylsulnhoxlde. (CH3)2S=ü 

... 

~riphenylphosphine. (C
6

H
S

)3 P 

Trlphenvlphosphlne oxide, (C
b

H
S

)3? =0 

Chloride t~,(CH3)J'" • Cl 

Chloride K+ 

Chloride ~H/ 

~-\ . 
• J 

>..-

" 

" 

" 

" 

" 

" 

Il 

" 

" 

Il 

l' J .. 

Il 

'R e f . 

76 

82 

" 

" 

" 

" 

'-t 

" 

" 

" 

77 

82 ~ 

" 

" \( 

" 

Il 

" 

78,79 

81 

82 
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Bromide [N(CH
3
»+ • Br 

Ouinoline. /Y' 
'0,) 

Isoqu,inollne, ('('1 
( /,~1<01 

Diisopropvlcarbodiimide 

~-c ya no-pyrrol id ine. 

~-cyano-piperidine 

Pyr id i ne 

'''-eiColine 

')- pic 0 lin e 

~-plcoline 

Triphenvlphosphine 

Oulnoline 

IsoQuinoline 

o " 

57 -
.. 

x Ref. 

Cl 82 

" 83 

" " 

Br 82 

" " 

" " 
'~'>. .. 

" 84 

" 

" Il 

" Il 

" Il 

" 83 

" " 

.. 77 

" 

) 

o 
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oxygen atom· is coordinated tetrahedrally to four coPy 

atoms, bridged in pairs by six halo~en atoms, Somew~.at 

similar arrangements have been found for Be
4

(CH
3

COO)6'O 

", 
( 8 5 ), l - 3 8, 7 n 4. ( C 113 CO 0 ) 6 ' 0 ( 8 6 ), l - 3 .~, .1 n d 

C0
4

[OCO, C(CH
3
)J6'O(87), 1- 40, \.Ihere the metal atoms 

are 'r e g a r cl e cl a s fou r - c 0-0 r d i n a te,' l n con t r a, st, the c 0 p p e r 

complexes, bv vlrtue of an adclltional ligand, are five-

coordinate <and assume à' distorte~ trigonal hipvramidal 

, 
arrangement, J - 37. '1agiletic measurements indicate that 

the~e' is no direct honcling between the ~pper ~toms(76), 
A ~imI1~r structure has been reported for [( C 2 Il 5 ) 2 () } 4 "1 g 4 Br 6 ' 0 

(88), l - 41. 

\ The Y4 -'oxoco~;er (r~) complexee; ~an 

D e con s ide r e d a son e 0 f a s e rie sin w hic h met a 1 a t om e; ;) r e 

hr!dged by oxvgen. Such a series would tonSl<;t of Ilnear, 
, 1 

C.p., [0\UCI
5
)2,o]4- (89), Id -~42, trlangular, e.g, 

~ r 3 (C J1 3 CO 0 ) 6 ' 0 ' 3 II 2 0] + (9 0 ), l - 4 3, a n cl the c 0 p p e r C 0 m pIe x e s .. 
r e r> r e s e n,g i n g the LI te t r a ~ e cl raI for m • 

Initiallv t~ese polvnuclear 

c 0 p p e r co m pIe x e 5 we r e 0 b t a in e' d, ace l d e. n t aIl vas s i cl e pro­

,:, cl u c t ~ d ~ H n g the" s y n the sis 0 f '. 0 the r c 0111 P ~ u n cl s ( ? 6 - 7 8 ) :. A s 

Interest in these complex~s increased, thev 'were fo~nd to 

b e 'T'x e par e cl Cl u 1 tee a s il y b Y , r e f 1 u xi n g eux 2' Cu 0 and the 

J 

-' 

) 

" 

.. 

- -----
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,,~ 

des-J;jed liRand in an appropriate solvent; such as, di-

chloromethane. Crystals of the complex were isolated 

after a fe~ days(82,83). 

~4 -oxo-hexa-u-chlorotet rak..is­

(pvridine copper(I!) ) was apparently obtained bv 

Finkbeiner, et alOI), \.hlle studyin? the role of copper 

..... \ 

in the oxidative coupling of 2,6-dlmethvlphenol. However, 

other than elemental analysis, no further characterizatioi'l 

-, 
~'as performe.d sinee there w~s little interest in the auto-

xida"tlon produc t at the time. 

" 
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Il - 1 ~echanistic Studies 

A. Chémicals 

2 . 4 . 6 - tri chIo r 0 ____ "'"--"'-''''-

(Eastman Chemical Co.), 4-bromo-2,6-d1chl rophenol 

(A 1 d ri che hem i cal Co.), 20 p p e r ( II) sul ph a t e (F i s h e r 

Scientific Co.) and pyridine (Fisher Scientiflc Co.) 

were used as obtained from the suppliers. ·AJI other 
" 

chernlcals, Includlng solvents, for the p.reparatl.on and 
l' 

isolation of the stable phenoxoçopper(II) complexes wer~ 

'of reagent grade quality, and used without further puri-

flcation. 

For the thermal decornpositlon 

" 
of thesc complexes, aIl solvents were of rcagent grade 

qualltv, hut dried by overnight reflux and dIstlllatlon 

in the presence of calcium dihydride. 
c' 

'" were used in the 

\ Sp~ctrosCoplC grade solvents 

chara~terization of polyrners ~nd corn-

plexes. 

B • . '1Â" S y n the 5 i S 0 f Ph en 0 X 0 C 0 pp cr ( 1 1) C 0 rn~p.l ~x e s 

i ) Pre par a t ion f r 0 ID A que 0 us' Sol u t ion '5 

The phenQxo-am 1ne-copper (II). 
(.-' 

cqmplexes, w:here the amine ligand 15 pyrtdine and ,tetra-

., 

,~ 

" 
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methvlethylenediamine and the phenol is 2~4,6-trihromophen~1. 

2,4,6-trlchlorophenol, 2,4,6-triiodophenol and 4-bromo-2,6-

dichlorophenol, were prepared in aqueous solutions of reagents 

as dcscribed hy Harrod(34). The general procedure was to add 

the required amount of neutral ligand to a solution of cop-

per(II) sulphate, CuS0
4

'SH
2

0, (0.02 mole) in dlstilled·water 

(JO ml. ) . Th13 solution was stirred for about one-hour. 
t 

suc;pension of the phenol (0.04 mole) and sodiùm hvdroxide 
....... 

A 

(0.04 mole) in distilled water (50 ~l) was the~ added to the 

conper solution WiLh vigorous stirring. The resultin~ dark-

brown slurrv WAS filtered, wasned with water"and vacuum 

dried overnight on a medlum frit. Recrvc;talllzation W3S 

formed hv dissolutIon in a minimum of b~nzene, filtratlon, 

3ddition of excec;s hexane, and 
f' ' 

refrigeratlon overolght. A 

second recrvstallization wns performed com~lete . 
removal of unreilcted phenol. r .. ~l,],.-t:...f.ormed, Jar;'" crvst!ils 

. " 
re~ulted in near qpaDtit~tive vipld. 'I h e g e n e raI st r tl c c-u);,e 

waS confirmed bv infra~ed analvsls. 

,-

complex ln benzepe 

li) Prenaratlon from Bls(pvrldlne)ols-

.J, _ 

(2,4:~-tri~hlororhenoxo)conr~r(II) 

the high soluhilitv of the ahov~ 

permitted the ~imple nreparatlon of 
-)1 

o t her 

comolexes hv d1snlacement of the pvridin~ in solutIon. Con-

\, 
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plexes containing ammonia and ethylamine were prepared 

in a manner described bv Harrod(34). These latter com-

~ plexes were quite insoluble in benzene and ceuld be pre-

cipitated by careful addition of the appropriate ligand 
r . 

---to a benzene solution of the pyridine cemplex at ,room 

temperatùre. The ammonia complex was prepared by,bubbling 

gaseous anhydrous ammonia into the benzene solution. 

~thylamine was added as solution in benzene. Addition of 

these ltgands had to be regulated in order to prevent~dis-.. 
placement of the phenoxo ligand from the coordination 

"' 
sphere bv excess amine. T~e identities of the products 

were confirmed bv infTared spectroscopy. 

ili) "preparation of Copper(II) Trichloro­

phenolate 

, Co p p e r ( l l )....., tri c /;l 1 0 r 0 p h e n 0 1 a t e 

was prepared bv the dissolution of sod~um hydroxide (0.04 

mol es) in dis t 1 Il e d wa ter (150 m r), a cl cl i t ion ~ 2, 4 , 6-
, 

trichlorophenol (0.04 moles), ~nd stirring for about ~n~ 
- , 

hou r . A sol u t ion 0 f co p p e r, ( II) 5 u 1 p ha te, eus 0 4 . 5 H 2 0 / 

/ 
(0.02 moles) was then added with stirrin~. The r~~ulting 

; 
dark, purple-brown precipitate was washed with methanol te 

~emove any excess phenol. A near quantitative vleld of 

-product was obtained. 
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iv) Preparation of Phenoxocopper(II) ~omrlexes 

from Copper(II) Trichlorophenolate 

Complexes containlng ùlmethyl­

formamlde or dimethylsulphoxide as,.heutral llgand were pre­

Pilred Dv dissolution of co-pper(IIlsrichlorophenolate (0.02 
-..-~ 

7'loles) Ln an excess (l00 ml. ) of either ligand ar.d st irrlng 

for one hou r. The ligh t brown solutions were t hen nddeJ t 0 

\ .' 
ùl'ltliled wa ter (250 ml • ) with c;tirrlng. 1 he re':iU1t'lng 

crvstals were washed \.:ith distilled water and d ri eci . 

In the case of dimethvlfo;mamllle. 

il darK brown prf!cipitate was obtained whicn was recrvsta'.lc-

llzed bv dlSC;olutlon in benzene and adG,l.tlon of hexan~. T~1e 
l , 

rec;ultlng product ~),èl the em;JirlCal formula [(CH])::,:,'Cl!')J Cu 

i C H",Cl]O} '" élnd was presumablv .1 formarnlJe nridi;ed dl:-:1er 
6 ~ ~ 

analo?,ous to the hexamethvlphosphoramldt;;rr.,idgec:: dlffier dec;-

crlbed bv Tsuruva, et al (42) 

An.l l . calcd. for c 

, .,,, , 

found: C, 34.40;':; Il, 2.11:::, 

• 

.. .. , 

~ 
33.9Q~, 

') 53" . 

H , :: . -,7 --: , 

In the case of dlnetnvl~ulrhoxlJe, 

~ecp-purple crvstals were ohtalned which deco~nosed rea~llv 

in solutlon precluding purificatIon of tnc nroduct. 
/ 

spectroscopy indicated the presence of both trlchlorophenoxo 

and ~im~thylsuln~oxide in the complex. 

, ' 
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C. Synthesis of Phenoxo Complexes U'lio~ "1etal'l 

Other Than Copper 

1 
i) PreparatIon of Trlchlorophcnoxq-nlckel(II) 

-------
~lSo4·6l!2n «(J.(J}. moles) was addeJ 

~0 le()!i (100 T'li.) WhlCh resulted ln a green suspenSIon. Ta 

:: ;) I S W il Ci 1" 0 ure d ct sol u t ion 0 f :~ il () H (O. n 4 mol (' s) il n d 2., 4 , (,-

trl'::hlorophenol (0.04 moles) ln '1eOH (IOO Ml.) and t'Ien pvrl~ 

G 1 fi l' t () . il b mol es) • This nilkv-green susnenSlOO was stlrred 

for ~ nours, and-tllen the ~la'lS()/ (white l1o\,'dcr) formed was 
"- ~ 

The ~reen solutIon Wrte:; eV.J.por:ated 

... d)\.:n ,>orewt)at hv heatlof an .... then cooled ln' the refrlgerator • 

• J a r" ~ r e en cr vs ta l s r es u 1 te d wh I c n we r e t '1 e n r e cr vs r a 11 I Z l' d 

'.lt1\ hot :1enzene, anJ stored 10 a vacuuf'l deSlcator. L1e-

:,,:ent.11 analysis 

\ na 1. Cd le li. for C')..., lt 14 C 1 ~. 20') . ~. 1 : 
~ _ n '-

Cl. 34. 87;:, :" 4. h ();: • , , 

~ounC1 . C,43.S47., t ~ , ::: . 4 H 7 , II 3'1. :2 S;' , . , 

J' r e par a t 1 ° n 0 f 1 r le" l 0 r 0 1"' n c n 0 A,' -

t 0 'IeOh 

-----------
CoS()4 (0.02 moles) \.'a5 

( 1 00 ml.) w i the 0 n 5 i an t st 1 r r 1 n g . lot il l 5 

1... \ 

.1.dd,'c: 
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sus r e n s ion wa s pou r e d a sol u t' lori and 

2,4,6-triehlorophenol (0.04 moles) in MeOH (100 ml.), an 

• then immedlatelv afterwards rvridine (0.08 moles). This 

r es u l t e d in a- hl u i s h - pin k sus pen s ion wh i c h wa 9 the n S t 1 r r e d 

for 2 hours. The ~a2S04 present was filtered off, the '001-

vent èvaporated down somewhat bv heating, and the solutlon 
t· 

wa 5 ) n e n a Il 0 we d toc 0 a 1 i n ~: e r el r i g e rat 0 r . Pur p 1 e , 

nceale-shaped crvstals preelpitated dçwn. These were recrv-

stallized inohot benzene, and stored ln a vacuum de'Ocicator. 

E1ementa1 ana1vsis Indicated a 50/50 mlxture of Pv
2

Co (1'CI')'2 

Anal. Caled. for C22H~4C16:'202 'Co: 

Cl, 34. 8 6 ~, :~, 4. 5 9~; . 

Calcd. for C32H24C16'i402·Co. 

Cl, 27.68%; :;,7.3070. 

C, 43.317" H, 2.322; 

C, 5 0 . Il l ~: , E, 3. l b~: , 

Found: C, 46.437.; h, 2.787., Cl, 31.71%, r;, 6.1"77:. 

lt " not unconmon fOt cobalt complexe" ta eH,t.'" ~~ 
librium mixtures of tetra and hpxa-coordinated comr1çxcs 

( 91) . 

D, Thermal De.co\1lf'ositlon of the Phenoxo-

an,1I1e-eOnpe~ (II) Çl,omplexes 

1) General Remar!-.s 

- i 

/ 
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niques employed ta investigate the therMal decomp05it~on of 
.. 

phenoxocopper(II) complexes were gravimetric ana'lvsl" and 

sncctrophotpmet~ic analvsis. DecomposItIons werc c~rrlPd 

out homop,eneouslv in an organic solvent (I.e .• hcnzcne, 

, , r 
toluene, or cumene). The phenoxocopper(II) complex most 

frefluentlv ( trI c h 1 0 r 0 n h e n (1 x 0 ) h 1,5 ( P v r 1 cl 1 ne) -

c..onner(II). m,llnlv to cOr:J-

pOa r e r e c; II 1 t s 0 h t a l n e d .... l t h trI c h l 0 r 0 p n e n 0 x 0 COn p e r ( 1 T ) . 

The COur'5~ of tlle nolvrnprlzdtion 

reactlon was studied by dissolvlne the nhennxocopnpr(! 1) co~-

~lex ln an 3pproprlate orranie solvent, ncatlng ln a loos~lv 
1 

C'orl\.eJ erlenmever flasl-, and detcrminlng tllL vlcld .1nJ pro-

;'L'rtics of tlle decompositl0n products at V3rlO\lC; rl:1ct,lon 

tlmes. The metnod of sei>arat Ion of tn .. "e, ~LLon~o~ltlon :->ro­
( 

~(lu('tc; was slMllar to that describeo bv Lllnchlrd. et..11(:). -----
" 

.;en. • )) e n r e C 1 nIt a t cd d 1 n a log e no h 1 sa JTl 1 nec 0 r ? e r' ( LI) L () ':\.:") l,c >. 

'.Jas removed hv f1ltration, wac;hea with tnt' solvent uSPL! 1 " ' .. 
r ;) 

the decomposit1on and dried. Polvmer was preCIPltatCL! fro~ 

t!le filtrate w1th"l'1ethanol. It .... ·as then l.Sl,llted ll\' 

f Il t rat 10 n. wa 5 1) ~ d w 1 t h met ha no l C (1 n t il i n ln r: J '5 11 L' Il t a 1": 0 U ~ t 

of ,nvdroChloric ac~d, and 
\ . d r l'e' d 0 ver ni li Il t 

il 
at 

/ 
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The extent of decomposltion of 

the phenoxocopper(II) complex could be determined by the 

yield of coprer(II) precipitate or polvmer. In aIl cases, 

the vield of copper reaction product determined the extent 

of reactlon. Polvmer was difficult to recover corr.pletelv 

because of the method of precipitatIon and because of sorne 

10s5 during fIltratIon. 

A series of thermal decornpOSl-

tions of bis(trIcllloroohenoxo)bis(pvrlJlne)copncr(II) \-Jas 

carr~eJ out unuer Vacuum. EvacuatIon of the ")henoxocopner 

(II) ~ornplex ~as ~erformed in a reactlon vessel on a stan~ 

dard vacuum Solvent. ~hich h~d been prevlouslv out-

, 
g.1<;sed. ~as then vacuum distilled into the rcaction flas~. 

'Ihe vessel .. :.15 sealed and innersed i,n a"f constant temopra-

tu r e ;:',t th. 

Sp~ctrophotomctrlc An~lvsIs 

a ) V lS 1 b 1 e S"P t? ~ t r 0" C 0 fl" 

~rectrophotometrlc stuJies wcre 

perf~rrned with a Plrkin-Llmer 124 ultraviolet-vlsible spec-

- \ 

tro~hotometer equipped with a tem~erature control unIt. 

Bls(trlcnlorophenoxo)bls(pvrldlne)copper(II) shows ~ maXI­

mum ~bsorption in the visible region at 22,5 0 0 cm-~(34). 

Ol~ar?earance of this absorption as the reaction nrOgres-

s~s provides a convenient ~etnod for followinr ~~~ ~pcorn- ~ 
, . 

• 
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1 

position of the phenoxocopper(II) complex. Solutions of / 

the complex ( l . 3 5 <x l 0 - 3 M ) i n ben zen e, 0 r toI u", ne, as 

solvent were placed in TSL-Far UV cells fitted with polv-

ethvlene caps to prevent solvent evaporation. A small 

amount of air was left :ln the vessel to allow for sol-vent 

expansion on heating. ~e insoluble d'ichlorobisovridine-

copper(II) forméd as a reaction product qU1-ckly"""'scttlecl 

to the bottom of the cell and did not interfe~e ~lth the 

photometric measurements on the remain~ng solution. 

b) Electron Spin Resonftnce Spcc-
j 

troscop,y 

~hermal decomposltion of 

hi" (t r i chIo r 0 p h e no x 0 ) h i s (p v r i cl i~ ) c o.P p e r ( l 1) wa s f 011 a w e cl ~. 

Il SIn g a Var i a n· E - 3 [ S R 5 P e c t rom ete r . Operatlng condItions 

wcre: microwaveofrequencv, 9:17 Ge, ml~rnwave power, 

-. 
30n n\', field set, 3230 r., sca n 

m 0 d u 1 a t Ion· a m plI t U cl e, l x Ir,; m 0 d u 1 a t l 0 n f r c '1 u e n c, v 'i 

l ,) 0 K CS, r e c e ive r .. g a 1- n, 8 x l a 2 (tnit iallv), 
• 

time c0nstant, 
. 

1.0 sec., and scan time, 4 min. (30 min. for nhcnoxv ra~l-: 

cal S"l ~ n a l 5 • Temperatures were WOl t il il n:trogen 

Ras flow. , 'u 

\ 
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Solutions 04f the sample 

(8 • 14 x 10 - 2 N) in he n zen e, 0 r toi u e ne, weI e pla c e d 

\ 1 

ln 

--------------
quartz tube,> under atmosrheric condition, and light1y 

canped, to p:event solven,t evaporation. 

~,' , 

Il 2 tharActetizatio~ ofoPolymers and C~mplexes 

r'T 
A) Xolecu1ar'Weight Data 

1 . 

1 ) V a pou r P r e'S sur e !) sm 0 met r v 

,0 

The numbe~~average molecul,r 

of po1·vmer, .J.f less '., than 20,000, W;tS measurea bv 

\ 

We1gr: 

vanour "\ 1 -nressure oj;mometrv emp oVln~ a . ~ He~ett-Pack4rd 3nl~ 
\, . 

instrument", 
• , - 41, 0 

The apparatus was operated at _5 C, Renzene 

\.J3S used a5 solvent, 'rne callbration cr-~c;t(;int -1.1.1" dete'i--

, . - \, r 
m 1 n e d w l t h pol v s t v r e n e ( "1 ~ = 1 0 , 3 0 0 ) q u p 1'11 1 e cl /i "! .. P f e s 'i u r (' 

L:1C1"l1Cal Comnanv', 
1 

tJ -
T-b e in st r ume n t wa 5 C fl L' C k e cl 

? 

for accuracv witn trIal runs'of polvmers of known moly-

" 

cular wClghts.' Accuracv \ .. a<; wltnin 110 for mo1ecu1dr wel~nts -less than 100n. Ilowever, aso the po1ymer nunber-dVer.1p,e 

m o"l.e c u 1 a r wei g h tin c r ~ as e cl , 
J 

errors as 1arp,e .as 10-15:- .\ ... ~ 

" 
, \ 

pb s S lb 1 è in tire u p p e r reg ion s . 

" . 

~) 

\ 

, 

- .. 0 (... 
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1. 

i1) 
1 

Membrane Osmometry 

.. 
~umber-average molecular 

wCights greater than 20,000 were determined on a Hewlett-

Packard 502 High Speed membrane osmometer. The a"l1aratus 

utilized 0-6 memhranes (Schleicher and Sc huell) anu was 

orerated at 30
0 e with toluene as solvent. 

\A pol'ystvrene standard (~:1 = 

50,000), supplled bv Pressure Chemical Comnanv, sho .... ed an 

accuracv within 2:. It was found that the nolvrners ~re-

p~red from polynalo~enated pRenoIs, presu~ahlv because of 

thelr branching, had ci tendency t.,o diffuse tnrouç,ll the 
- '" 

membrane. This resulted in apparent values of molecular 

weight higher than reality. For number-average molecular 

'WeiRhts in the range 20,000-25,000 this dIffuSIon '..ras 

quite ranid. The problem decreased as tne molecular weI~~t 

/ 
Increased, and did not exist for valu"es ~reater than 4/),000. 

-t-
E) :';uclear :1agnetlc Resona'nc~ Spectto:sco,",v of 

Polymers . , ~ 

The protonc; on the aron-atie 

rin~s of the polymers were analvsed ~ith a Varian T60 
, ,-

1 

( 
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o 
spectrometer at 35 C and 60 Mhz. Solvent used was carbon 

disulnhide. 

atoms in the 

Due to the relatively low numher of 

polvrner, very concentrated solutions 

hydrogen 

(350\/1 ) 

were reClulred. Concentrations varied somewhat from run-to-

. 
r und u e t 0 the vis cos 1 t Y 0 f the sol u t ion, the h y d r 0 S J: 'a tic 

properties of the polymer, and the rapid evaporation ra~e 

of tnc snlvent. 

o 

C) Infrared <;pectroscof'v 

-------

.--- Soectra in the range 4000-025 

-1 
cm were measured uSing a Perkin-Elmer 257 sp~ctrophoto-

meter. Samnles were dispersed in potassium bro~ide pellets. 
,g 

On occa<;ion, ,polvmers \olere dlssolved in carbon disulphide. 

-1 . 
47']· cm utilized -.a. Perkin-Elmer 

/ 

.// 

521,/srectrorhotometer. 
,/ 

Samples were d.ispersed in a nuto1 muil on potassium bromide 

plates. / 
------~/ 

r----.L.-_- _/ . 
( l' Far-1nfrared spectra \olet"e rnea-
'v 

<;ured ln a nujol mull on polyethylene nlates \olith a Perk 1n-
j 

1 

E.lmer FIS-3 snectronhotorneter. 
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The spectra of a numher of 

phenoxocopper(II) complexes and \their resultlng decomposl-

tian products are shawn in a separ;~.te seçtion of this the-

( 
sis. 

D) Vapour Phase 

rnctry 

An LKB-9000 Gas Chromatorram 

\1 a s c; Sne c t rom ete r wa 5 use d t ° a na lys e t il é r e a c t Ion pro cl u c t 5 

from the decomposition of bls(trichlorophcnoxo)bls(pvrldlne)-

conner(II) ln the presence of carbon tetrahalides as addl-

t i v cs. This instrument permltted the studv of reactlon pro-

ùuct nlxtures in solution without previouc; separatlon. As 

eac'1 successive compound was isolated 0'1 cl1romatograp'lY, 

a mass spectrum of that species was recprded. The technique 

required only a verv smaii quantitv of rrodllct. Sarnples 

were the methanol/benzene Solutlons obtalned after nrellml-

nary renoval of the dihaIo~enocopper(II) complex and ~olvrner 

as described above. 

Instrument ~ondltlons were as 

fo110w5 : injectar, 200°C; column, 6' x f" glass contalning 

3% OV-l on Chromosorb W, High Performance; 290°C; hellum 

flow rate, JO ml/min.; and lonizing energv, 70 eV at 

60 x 10- 6 A. , 
. · 
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Il - 3 Synthesis of U4-oXO Copper(II) Complexes 

A) ~4-oxo-hexa-u-chloro-tetrakls[pyridine 

copper (10] 

Bis(trichlorophenoxo)Ols(nvrl-

dlne)copper(II) (S g) was dissolved in cumene (100 ml) 

anJ neated in air at 72°C for 24 haurs. The resul t ing pre-

cipitate was filtered and extracted wlth dichloro1'lethane 

to give gold needle-shaped crystals of (CSI!S:\)4Cu4Cl,,'O 

0.6 r,. 977. vield). 

Ana 1. C, 30.037.:, h, J.50;';, 

:;, 7. 0 l ~, Cl, 2 6 . 65 Ïo; eUt 3 1 . 7 8 h; 0, 2. 00 h . 
oc -

Found: C, 30.48;:; H, _4..5070; :-<, 7.04%; Cl, 27.067.; 
~, , '. 

Cu, 32. 29i.;~ 0, :1ale.cular weight in dichlorometnane 

797 bv vapour ~ressure osmometrv. ~elted with Jecomnosl-

, 

B) 1.1
4 
-Oxo:::'h~Xa-l1-bromo-tetrakis [pyrlll1ne copper (IOJ 

...... 

Bis(tribromophcno~o)b~s(pvridlne)-

copper(II) (5 g) was dissolved in cumene" (100 ml) .and heated " 

'" 
in air at sooe for 24, hours. The resultlng dark green preci-

pitate was extratted with tethrahvdrofuran and recrystallized 

bye v a p 0 rat ion, g i vin g d a r k br 0 wn cry 5 t aIs 0 f 
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C, 22.517.; H, 1.88%; 
~ 

Br, 23.80~; Cu. 45.307.. 

Found: C. 23. 7 (] 7.; H, 2. 0 l ;.:; Br, 2 3 • 7 l 7.; Cu. 4 5 .. 3 0 % • 

~elted w1th decomposition at 217°C. 

C) .~4-ôxo-hexa-J-chloro-tetrakislethylam1ne 
-" 

copperCII)] 

lamlne)copner(II) (2 g) 

BisCtrichlorophenoxo)hls(ethv­

wa(diSSOlved in toluene (75 ml) 
"-- . 

contalnin,g carbon tetrachlorlde (5 ml) and hl'ateJ at 72
0

l 

for 4 hours. The resulting olive green nreclritate (0.7 g), 

, 
uran extraction wlth dichloromethane and rpcrvstallizatlon 

\..'itn hexanes, gave a lime-r,reen cornrlex (0.5 r., i:l2:; v leld). 

, :\ n al. C il é c d( for C 8 Il 2 8 :. 4 C ;:. 6 C u 4 . 0 : C, l 4 . 4 8 7'; l!. 

:;, 8.45":; CJ~31%. 
4. 22:" , 

\ 
Found; C. 15.51;:; H. 4.777,; ~. 8.91%, C;. 31.447:. 

:1elted with decomnosition at 162°C. l'he poor ana1vsis for 
--L 

this compound 1s probab1v due .~~ that it decoll)poses 

slowlv in a1r. 

" , 

~, ' 

D) ~4-oxo-hexa-~-chloro-tetrakis[trinhenvl-

phosphine oxid,(!,-copper(II)] 

The phenoxocopper(II) co~plex 

containin~ triphenv1phnsphine oxide as neutral"llgand ~ould 

", 

• 
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not be isolated iri the solid state. However, it appcared 

to be readilv ohtained in solution bv the add1tIon of 

copper(II) trichlorophenolate (0.01 moles) to triphenvl-

pnosph'1n~ oxide (0.01 moles) in eumenc (125 ml). Jh1S 

resulted ln a brown solution whieh was filtered to re~ovc 

anv unreae~tcd materials. Tnis Solutlon was then reacted 

ln alr at 72°c for 24 hours. Extraction of the preclpitate 

w1tn d1chloromcthane and recrystallization ~ave orange 

ervstals bf the _,-oxocoDper(II) eomnlex. 
~ . 

Ana 1. il, 3.76;;'; 

Cu, 15.'J2~. 

Pound; C, 53.5)7:; h, 3.79;', Cu, 15.72;::. 

~elted ~lth decomposltion at 239°C. 

E) ~4-oxo-hexa-~-chloro-tetrak!s[dimethvl-

formaMide copper(II)] 

Trichlo~~phenoxo-dlmethvl-

fOfMamloe-copper (II) (2 g) was dissolved 1n cumene (IOn ml) 

and ~h:ated in air at sooe for 24 hours. , The resulting vel-

low-brown preeipltate vas extracted vith dichlorome~hanc. 

~ tVilPoratl0n gave" a v~llow crystalline product . 

.. 
F) ~4-oxo-hexa-u-chloro-tetrakis[dimethvl-

. sul ph 0 x i d.c c 0 p p e r ( l l ) J 

Trichlorophenoxo-dimethvl-



/ 
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~ sulphoxide-copp.er(II) (-2 -gl-"Was -dissolved ln cumene (100 ml) 

, . 0 

and heated in air at 50 C for 24 hours resulting in a yel-
\. . 

1 0 w - h r 0 w n p r elC i pit a t e'-c 0 n t a 1 n i n p, ami x t ure 0 f C 0 P fi e r C 0 m -

'p 1 ex es. Isolation by extraction with dichloromethane lelf' 

o 

to furtner decomposition. However, an infrarcd' spectqJm of 

the unextra~ted vellow-brown precipitate gave an ahsorption 
1\ 

at 583 
-1 

cm 

( 82). . 

• !\, 



80 

'~ 

1 

" 

III RESULTS 

" 

"­ \ 

\ 

p 

,~' 



- 81 

II 1 - l INT~ODUCTORY REMARKS 

T'here are t'Wo rrlnClpd-l technl-

'lues whicn permit exarnination of the 'lverall mechélnis'11 of 

polvpnenvlene etner forr.lation by thc decornrosltlon of ohcnoxo-

con~l'r(II). The first Involves the common spectroMetrIe 

r.ll'tlIOJ'i (l.e., ultraviolet-visible spectroscoT'lv and_clectron 

<;;11n re"onance spectroscopy). The second method entéllls 

investlgation of the VarlOU'i reactlon products and Interne-

Jlatcs. fhe'l€ latte'r cornoounJs can he re11ted oack to the 

~cchanlstlc course hv their Very existence. The reactlon 

nroJucts frorl the dec:o~osition, of phenoxocopper(II) \o,'er'c 

ulhdlocopper(II) complexes and polvmer. 

His(trichlororhenoxo)his1~vrl-

Jine)corper (II). Rave, dark oro ... ·n solutions. As the decorn;o-

sition reactlons proc:eeded, the solutlons faded to a "<;t-rdW" -...- ..... 

colour. The dichlorobls(pyrldine)copper(II) c:ornplex nreClt"ll-

t.H~~d 0 u t 
t 

as blue-)Z;reen crystals. Polvmer, and anv other 

'-
reactlon products, appeared \0 remain ln solution. Sir:lllar 

, 
results were obtalned for tne other phenoxocopper(II) COM-

plexes studled. l n the s 0 - calle d ,. g r a v i met r le" met ho d, S 0 f 

mechanl<;tic study, the stage of reactlon was deterrnlned hv 

tne formation of precipitate, or hy the lack of an'; further 

.. 
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( 

chanKe in solution.colour. Solutions were Renerallv ppr-

mitted ta remain in the }emperature bath for neriods of 

time mach lon~er than pcrhaps necec;gary, in order to cnsure 

complete reaction. 

There were manv reaction 

vari:lhles wltoich influenced the dbcomnosition of phenoxocop-

n~r(II) complexes .• 1hese included temnerature, concentra-

l.. .' 
tion .. solvent','anl1 naturallv, the particular phenoxocop-

l'l'r(II) comnlex llsed. These factors were studled indivldu-

:lllv ln sorne Jetail. ( 
The numher-averape MO\Cllli1.r , 

""clght of the polvmers provided a direct praof of cèrtaln 

[eatures of the overall mechanism of the reactlon . . \part 

from a studv of molecular .weir,ht, a limlted amo'unt of nol\'-

mer characterliatlon with regards to structure was carrled 

out. ~ 

The decamnositlon of nhcnoxn-

corper(II) complexes l~d; in certain cases, to the for~atlon 

An undcr-of ~4-oxoconper(II) complexee; as r:action product. 

standing of how thcse compounds resulted offerea a great 
.:)' 

deal of information with regard to the overall mechanlsm of 

decomposition. A genera1, uniaue svnthesis of tllese "'4-oxo-
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cOjtper(II) complexes 1s also 'included in thic; thesi",. 
f 

~ECHANISTIC ASPECTS 

A) becomposit1dn of BIs(tri,chlorophenoxo)bis 

(pvridine)copper(ll) Under Constant ,ReactIon 

Conditlon~. 

i) Gravimetric Analvsis 

a) Reaction Vnder Vacuum 

" 

lnitiallv, it 'Nas felt tnat tllè 

Jecomposition of bls(trichlorophenoxo)bjs(pvrldinp)cnpper(II) 

woulu hest be fnllowed under vacuum. ThIS would nermit Invps-

tl~~tIon of the reaction under the most pure conditIons. Sam-

;Jles \.;ere prenared individuallv bv dissolvlng tne phenoxocor-

p e r ( 1 1) cam pIe x l n r e age Il the n zen e ( 2 g 1 3 rJ ml), d e f, il S S 1 n ~ t; 1 t' 

solutIon under conditIons of "stickv" vacuum on il standard 

vacuun Ilne, anJ s~aling the reàction vessel. The extent of 

reac210n was rn~asured bv the vield of corDer(II) complex pre-

cipitated as rcactlon prod~ct. A theoretical yield of O.9S 

grams Pv
2
CuCI

Z 
was expected for complete decomposition. 

Results for a series of runs are shown in"Tahle III - 1. 

It was obvious from this table 

/ 
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TABLE III - l 
~ 

l)~c ompo s.'i t io n of PV2CU~TCP)2 in Benzene* 

t 

Reactlon- time 'f.emperature(OC) Yie1d Cu(II) comfllex (g) 

fA 10 min 101.51 0.77 
D. 

20 min " 0.73 

40 r.lin '" 
., 

O. ? 9 

1 hr Il 0.88 

l hr " O. 74 

3 hr " 0.87 <, 

5 hr Il 0.87 

24 nr Il 0.89 

_-.. r' 48 tIr Il 0.90 

l nr 84.5 1) • 04 
l 

1 hr " 0.79 

l ~r 
Il 0.85 ," , 

1.5 hr . , ... 
reaction ,no 

1.5 hr Il O. 7 h 

2 or O. 53 

2 hr Il 0.81 

2 hr Il 0.88 

5 hI: " 0.87 

* 2.0g reactant in benzene ( 3 Om 1 ) 
~ ..., 
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t~t ther.e was considerable deviation of the observed vields 

from that predicted. 
o 

The yield of copper(II)dihalide preci-

pitate wai exp~cted to increase with reaction time. It should 

also have been identical for duplicate ~eaction tlmes. ~Ie i-

ther of these features was observed. 
J 

~t should he~notea that the 
'. . 

reactions were nuenched with liQuid nitrogen immediatelv on 

"removal from the constant temperature bath. The reactlob 

pro duc t s we r e aIs 0' 5 e p ~ rat e d a 5 qui c k l vas t 1 e e x n e r 1 men t a l 

Tl r'Q-C e dur e s wou l.? r e r m l t . This was ta prevent P?ssible fur-
" .. 

t h. e f- "'d e C 0 m pas l t'~ 0 n a f ter co 0 Il n g • The phenoxocoo'ner'( l 1) c.bm-

plexcs were stable UD to several months ln solution at room 

t em p e rat ure ( 2 ) • lIowever, it was rossible~ th;1t 
~ 

once the 
" 

reactlon was inltiated, lt would then rroceed Jranidlv, even 

on coollng ~o 'room temperature. Lvidence supTlortinp th\~ 

'" n rco posa 1 i s s no w n in Ta b leI l l -. 2 . Three ohenoxocopner(II) 

''II 

tloU r 5 • Thev were then 

und e r i d;;r i cal c a n,d 1 t 1 ons f ~ r t ~ 0 

s~~ e a t r 0 om t em p e rat ure for 

solutlons were reacted 

different tlmes before wo~~-up. 

--,_.'f. 

t 
..... - ..... 

~> 

\ 

o " 
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TABLI.: III - 2 

, 

ùccoin1"'osit~~n of Pv
2

Cu(TCP)2 in Benzene (2g/30 ml) at 

Reaction Ti~e = 2 hrs. 

--------------~-----------------------------------------

Yield Cu(Il) comnlex . (g ). 

0.26 

0.)0 

0.76 

_\ 
A ï.\odifieù ,technloue was 

emrloveù ln an attempt to remcdv the InconsistBnt reqult~ 

fr;'!'1 run-to-run. Lach rùn consisted of ~everal saMPles pre-

"-
P3red slmultaneou51~. The phenoxocarner{JI) celrnnlex and 

The solvent ... ,,5 thE'n 

çyacuu:n dl"itilled ints; th~ r..-cactlon vcssp1 .conta.1ning t!}e 

nhc:.noxocorn(>~(II) comple~ .• The r'ec;ulfis of several/'\::unc; [Ire 

s ho \,' n .1, n F ig ure III - 1. . Rea, c t ion s we r e l'l u e n ellE' d ·.1 S c:; a 0.n 

aS the r e ..;, a s f' V l den ce, a f 't he' cl 1 ha 1 a c Q P n e r ( l 1) r "a c t Ion (o-r 0-

1 • ~ " 

ùuc t. It Wél5 necessarv to st<;>n the reactlon at an Interll]C-, 

di.1.te stage in a~der ta oetermine If tnc deCOmpO<iltions"werc 
• 0 ,. 

nroceeùin~ slmultaneouslv. Cnfortun.1.telv It ... as imnOSS1ble 

\ 
\ 

• 

o 

(, 

---'-~ 
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FlGCRL III 1 

Yield of Co ppe r (l1) Reao..t.·lon Products at \'arious Reactlon 
r· • 

1.l,me s for Series of " of Pv 2Cu(TCP).., a V.ecomposit ions 1"n 

• \è 

• 84;SoC bcnzene at Und er Vacuum. --.-

" <' f'., 

..: 
LEGEI\D 

1 <-/ 

Vessel ft /'" 
Run l 2 ( 3 

,.,0 

.- l 0 ~. • .. 
II 6 ~~ -- • 

III {] ~ • ·f 

IV 0 '" ~ . . • b \. 

• 1 

" \ ,.,.~. 

" / , .. 

, . 
9 ~ 
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to predict an exact equiva1ent stage of decomposition" from 

vessel-~o-vessel due to the intense colour of the remaining 

Tl he n 0 x 0 c 0 p p e r ( II) co m p 1 e x i n sol u t ion, wh i c il t end e d 'c 0 0 b s c ure 
.K...... ~ ~:-!...""1 
/ ,# 

any preclpitate. 

~ .. -. 

The decomposltlon rate followed 

the order vessel 3>'vessel 2>vessel 1. The ves'iels had 

received solvent in the reverse order to this. Reagent ben-

zcne ni1d been u'ied, and ln each run, only thl:' amount of'h('n-

zene r'equired {ôrthree vessels (90 mIs) had been der,assed. 

It was possible that any impurities, such as water, eould 

h,}ve been vacuum disti11ed with the solvent. If 50, it wnuld 

he found in more eoncentrated levels with each succeSSlve 

reaction vessel. This occurance could account fot the incon-

slstent resu1ts of ea~h run. 

As a final precautlon, spectro-

scopie benzene was·~tilized, with further purification bv 

reflux and dlstillation over calcium dihvride. Results for 

a series of runs are shown in Table III - 3. 



.,' .' ., 

'":--

.~ , 
-'-,.. 

~'" 8 ~i .". ,. 
.~-_. 

TABLE III - 3 

in Bcnzene 

, , 

Run "'r 
Run 1 l 

reactl0n tlme wt.complex reactlon time wt.complex 

" vessel Ifl 1 ~ hr. 0.94 3 1: hr. n. 78 

vpssel Il 2 1 ~ hr. 0.95 3 J. hr. 0.70 

vessel Jf,3 1 * hr. 0.95 3f. hr. 0.78 

vesse1 .14 1 ~ hr. 0.96 3t h r . 0,67 

--- -----

Although the reaetions now seemed to be progressin~ slmul-

taneouslv for eaeh run, there was a VariatIon from run-to-

run. This sugg~sted two possibllities: 
ot 

1. the decompositlon rate varied from run-to-run. This 

seemed improbable sinee the temperatures were Iden-

t ie aL 

2. t~e reactions experienced an induction oeriod WhlCh 
~ 

varied from run-to-run. This induction ~criod would 

be highly sensitive to anv slight c~ange in reaction 

conditions. This seemed the more llkelv 01 the two 

'T'roposals. 

To investigatè the exist~nc~ of 

this induct~on period, six samp1es were rcacted simultaneou~lv, 
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and removed at various reaction times. The results are shown 

in Fi~ure III - 2. Although the yields were still somewnat 

scattered, there was strong evidence of an inductlon period. 

An additional run of four ves­

sëls was prepared und e r ~ e h i g he s t pur i t v 0 b 't a in i1jll ~ on 

the vacuum line . fhe entire line was heated (under vacuum) 

.. 
w1th a Bunsen flame i~ or der to remove anv absorbed water. 

~ 

The phenoxocopp~r(II)complex was recrvstallized four ttmes, 

and dega~sed overnlght. The benzene, which had been purified 

hv reflux and dlstlilatlon over calcium dihvdride, was degas-

sed flve tir.Jes. It was then vacuum d1stilled lnto the reac-

tlon vessels. In aIl samples, no decomposition occurred at 

84. SoC over a reaction time- of seven davs. 

decided <­
that further lnvestigation of the decomposltion of bis(tri-

At this point, l t wa s 

chlorophenoxo)bis(pvridine)copper(II), under conditions of 

vacuum, was not worthwhile. Vessel constructlon and sample 

preparation consumed tao much time. Added to this, 
, . 
lt ",as 

not posslble ta obtain complete consistency of res~lts. 

Consequently, aIl subsequent reaearch was conducted under 

atmospherlc conditions. 
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F IGl;RE 111 - 2 
f'IIf' . 

. ' 

Yield of Copper(II) Reaction Products with Ti~è in the 

Decompos i t ion, of Py Zeu (TCP) 2 in Benzene a t 84. SoC UnJ~'r ,_ 

Vacuum. 

'-

• 
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, , b) Under)Atmospheric Conditions 

The decompositlon of bis(tri-

chlorophenoxo)bis(pyridine)copper(II) was a~ain examined 

for an lnduction period. A series of solutions (40gms/l), 

uSlng toluene as solvent, was reacted at 84.5 0 C and removed 

a t v' a rio u s r e ac t i a n t 1 mes. The ex t en t 0 f r e a. c t ion wa s me a -

sured hy the Yleld of capper(II) precipitate, anû ln sorne 

ca~es, hy the numher-average molecular weight of ro1ymer. 

The results are shown ln Figures III - 3 and III - 4. 

An analo~ous run was perforrned 

-
ln henzene. In this case, the trichlorophenoxo-pyricllne-

c 0 p p e r ( 1 1) c 0 M pIe x wa s d e c 0 m po. s e cl i n ben zen e (50gms/l) at 
.... --

The results are shown in Figures III - 5 and III - 6. 
l ' 

li) Spectrophatometr1c Analysis 

a) Ultravlo1et-vislble Spectroscapv 

The vls1ble soectrum of bis(tri-

chlorophenoxo)his(pvrldlne)copper(II) 1s shown in Figure III -

7. 
-1 

A maximum absorption occurred at 22,500 cm ,as nreviouslv '. 

reported bv Harrod (34). This absorption obeved Beer's Law 

, 
(Figure III - 8), and had an extinction coefficient of 1160 
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FIGURE III - 3 

Yield o( Copper(II) Reaction Products vs Ttnre in the 

'" 
Decomposition of Py

2
Cu(TCP)2 in Toluene (2gm/lS0 ml) at 

84.5 0 C. 

, ...... 

ï 
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FleURE III - 4 

~n of Polymer vs Time in the Decomposition of PY2Cu(TCP)2 

in loluene (2gm/SO ml) 

, '\ 

. 
1. 

at 
o 

84.5 C. 

\ -------
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FIGURE III - 5 

Yield of eu(II) Re~ction Products in the Decomposition of 

PY2Çu(TCP)2 (50 _ .. ~/l) in Benzene at 7loC for various Reac-

tion Times. Tl"t.,eore-tical Maximum Yi.eld = 2.35 gm. 
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FIGURE III - 6 

Polvrner molecular Weight at various Reaction Times in the 

De corn po s i t 10 n 0 f P V 2 C u (T.C P ) 2 ( 5 0 ~: Il ~ in Ben zen e a t 11 0 C • 

' . 

.. 

~ __ r ' 
.:~ 

'~~ ~ .... -~~ ... 
.." 

/ . , 



... 

. ,' 
,S 

- 96-A :.. 
J-

./ 

e ,~ j~ 
.. 

14 : 

• 

9 1~ 
~ 

t/l. 1 

L 
..c 

N"-:' 
~ 

ID 
\ -, E . 

\ 

\ +' 

c 
0 co.-
+' 
u 
d 

.. Cl) 
~ cr 

/ 
................. ~ 

1 i 
1 

/ 
-

o· 0 0 0 
·0 

0 
o' 0 "0 0 
0 0 0 0 .. .. .. 0" -0 0 0 
co CD ~ 

, 
C\J 

e UV'J . " 

, , r 



- 97 -

FIGURE III - 7 

-3 
Vis i b 1 e S pee t r u m 0 f P v 2 Cp (T,CP) 2 in Ben zen e (1. 3 5 xl 0 mol e Il ) 

\ 

e·, 
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FleURI: III - 8 -

Absorbance at 22,500 
-1 

cm - vs Concentrat ion 

in Benzene showing Beer's Law. 

• 
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(compared to E = 1100 reported by Harrod (34) ). Examina-

tio~ of the disappearance of this absorption. as the reac-

tion proceeded. was expected to ~ovide kinetlc and mechanis-

tic information. 

An absorbance/time plot for 

decdmposition of bis(trichlorophenoxo)bis(pvridlne)copper(II} 

• 
in benzene 1s shown in Fi~ure III - 9. The existence of an 

induction period, strongly suggested-by the aforementloned 

p,ravimetric studv, is clearly evident from this curve. An 

unforeseen feature of this result i5 the marked hum? appear-

lng in the absorbance curve well after the onset of reactl0n. 

Two other features of the curve 

in Figure III - 9 which are of major importance, and td he 

discu~sed in detai! below are a) the marked auto-acceleratlon 

after onset of reaction and b) the residual absorbance at the 

end of the reaction. The latter was somewhat surprlsin~ Slnce, 

at tins time, none of the reaction products was believed to 

-1 
absorh sip.nificantly at 22,500 cm 

Visible spectra, ta ken at varl-

1 

ous times durin~ the decomposition of phenoxocopper(II) at 

70
0 e are shown in Figure III - 10. The ultraviolet 5npctra 

of the phenoxocopper(II) complex. the ~e.aining straw-coloured 

, 
~ __ ,·t 
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• 

FIGURE II 1 - 9 

Decomposition of PY2Cu(TCP)2~in Benzene at 75°C fol1owing 

Absorbance at 22,500 cm- 1 

'-

.. -, 
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FIGURE III - 10 

1 

Decomposit1on of Pv
2
Cu(TCr'2 1n Benzene at 70 De 

a) 0 m1n 

b) 90 m1n 

c) 13 0 min 

d)lS0 min 

e) 180 min 
" 

f) 27 0 min 

,) 
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splutlon and polymer are sI'lOwn -in-tigUre.~T~·>--l:l: 
, - 1 .' • 

b, ~ < _ El e c t r 0 n Spi n Re., 0 na ne e Sne c t r 0 ':> cor v 

A s r e p 0 rte d e a r 1 I ~ r l n l~ 11 éi ~ ter 1 

t~c OX1aatlon of rhenol~ to 'Polvph~nvlene ethers lS , 
to nroceed through the formatIon of phenoxv radlcals. For 

t,ilS reason, the decomposition of bis(trlchloronh~noxo)t>lr,-

(~vrldlne)copper(II) was examined bv electron spIn resonanCe 

snl'ctroscopv. The phenoxocopper(II) cornplex, ln" t"lu~nL 
J 

(50 ~~s/l), was reacted at l~OoC. 
.., 

Ine chanp,€' ln c0pner(II) 

SIgnaL wito deco~posltion is shown ln Figure III 1:: . ~ hL' 

~ncnoxoco;')per(II) comolex had decQmposed completelv .Ln .Less 

t .~,' non e rta-u r • At t ni s s ta g e , a s 11 g 11 t l r r e ~ u 1 a r l t v wa s Jet t: C -

\ < 

t~d on the ~lgn-fleld tal1 of SIgnal. j'he sen-
.... 1' ,- .... \... 

5 l t 1 VIt Y . 0 f the de tee t 0 r \.J a s ln cre as e cl " r cv c a Il n g il \0" e l 1 

~ ~eiined 51nglet. 
-' 

An example of this radical slonal 15 snown 

ln rigure III - 13. 

A value of g = 2.007 ~as calêu-

.tateù f,ot t01S signal from equation III 1. 

o 

~\ 

. , 
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FIGVRE III - 11 

.; 1er a v l. 0 let . ~ fi e c t; ra o' f : 

°0 

/ 

, 

o 

b) pol~(~.6-dichloropnenvlene etner) 

c) straw--.eoloured,- soIn: af.ter decom-

.' 
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FIGURE III - 12 

.. 
Cnange ln Copper(II) Complex Si~nal by Electron Spin 

Resonance spectrosCODv 

Pv 2Cu(TCP)2 ln Toluene 

During ~he DecompositIon of 

r ne ma r k e d are a a.t g = 2. 007 ( l 0 w est cu r v e) i S, s h 0 w n a t / 

?,aln x 100 in Fi~ure III - 13. • l:'-

.. 

" 
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\J 
FleURE 1 II 13 

2,4,6- Trichlorophenoxv Radical Signal by Electron SPln 

> 

Resonance Spectroscopy. The location of chis slnglet 15 

ïn die a t e d ln the 10 w e r cu r v e in Fig ure III - l 2 . 
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g = hv.21T 
BH 

- 27 = 1.05 x 10 erg. sec. 

-20 6 - 0.927 x 10 erg./gauss 

v = 9 . l 7 x 10 9 "Il e r t z 
L 

H = 3250 gauss 

III - l 

...("'" ~fl: 
~t,\ ~,/" "-.;,;~ 
, ,. ..... 

This 15 in agreement with values of g = 2.0056 and 2.007 

reportcd bv Tsuruya, et al, (42) and Bor~ and [lmore (95), 

respectlvely for a trichlorophenoxy radlcal. This 15 slni-
1 

lar to a value of g = 2.006 for 2,6-dimethylphenoxy radIcal 

(41) or a value of g = 2.0p65 reported during the thermal 
" r 

oxidation and photo-oxidation pf poly(2,6-dimethv1-1,4-

phenylene ether) (96). The value for a completely frce 

electron is g = 2.0023 (97). The instrument was checked for 

accuracv with "strong pitch", a standard provided by the 

Varlan Corporation. A value of g = 2.0027 was obtained, 

compared to the theoretical value of g'. 2.0028. 

The tt1chlorophenoxv ra~ical 

si~nal increased in intensity over the time examined. This 

i5 shown in Table III - 4. Following these measurements, 

the sample was allowed ta stand in a constant~emperature 

bath at 1000e for five days. 

1 

1 
After this time, no phenoxv 

radicàl signal could be detected. 

•• 
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TABLE III - 4 

Variation of Intensity of Phenoxv Radical with Time ln the 

Decompo'5ltion of PY2Cu(TCP)2 in Toluene at 1000C 

Time (m in. ) lntensity (Arbitrarv LnIts) 

70 0.05 

90 0.09 

110 0.16 

150 0.22 

180 0.37 

220 0.44 
" 

250 0.61 

" 280 0.73 

300 0.80 

335 0.94 

A simllar run was performed 

<lt 7loe US1n~ benzene as solvent, in the presence of .:1 sm,,,ll , 

amount of carbon tetrachloride (carbon tetraha11des were 

rouna to greatly enhance the decomposition, and will be 01S-

cussca ~n Section 1II-2D). This perm1tted complete Invcstl-
"-

~atlon over a rnuch shorter period of ,time. The results, 

snown ln FiRure III - ,14, demonstrate a rap1d bUild-up pf 

tne pnenoxy radical signal, followed bY,a slow Clecav. 

A 
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FIGURE III - 14 

2,4,6- Trlchlorophenoxy Radical SiRnal at Various Reaction 

Times ln the Decomposition of PY2Cu(TCP)2 in Benzene at 

o 
71 C ln the Presence of, CC1

4
• 

"-_. 
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B) Decomposition of Bis(trichlorophenoxo)-

bis(pyridine)copper(II) Under Varied 

Reaction Conditions. 

i) Various Temperatures 

The decomoosition of his(tri-

chlorophenoxo)bis(pyridine)copper(II) was followed ppoto-­

-1 
metrically at 22,500 cm in benzene or toluene (50 gms/l) 

at various temperatures. Sorne results are shown in Fi~ure 

III - 15. As expected, the rate of decomposition increased 

with temperature. There was also a dramatic change in the 

induction period. 

The number-average molecular 

weights of the polymers resulting from the decomposition 

of phenoxocopper(II) at various ternperatures are shown ln 

Table III - 5. In aIl C~5es, the solutions were given suf-

ficient time to permit complete_ reaction. 
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FIGURE III - 15 

cl 

-3 
Decomposition of PY2Cu(TCP)2 (1.35 x 10 moles/l) in 

·Benzene or To1uene at Various Temperatures. 

tians followed at 22,500 

. . 

-1 
cm 

Decomposi-

l\ 

" 

.. 
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, TABLE II l - 5 

~n of Polvmers from Decomposition of PY2Cu(TCP)2 at VarlOUS 

Temperatures 

Cone. (gms/I) Solvent Temp. (0 C) '1n , 1 

40 toluene 20 24 ,000 

40 " 60 16,700 '." 

40 " 90 , 16,f,OO 

" ,-" 

50 henzene 20 8 Ù, OOIl 

50 " 
" (J 

71 (j ,~) 80,000 

1 (1). 

!' 

,~ii) Various Concentrations 

'. -, 
Bis(triehlorophenoxo)b~s(pvri­

dlne)copper(II) vas decom;'losed at 71
0 e for 48 hours at a 

number of concentrations in benzene. The polymers ...,ere 150-

lated and analvsed for molecular weight. A plot of concen-

tration versus polymer humber-average molécular weigh~ i5 

shown in Fl~ure III - 16. A, plot of the square root of 

t Il e sec 0 ne en t rat ion 5 i n mol es / l ver sus mol ecu l a r wei g h t i S· ". 

shown ln Figure III - 17. 

The polymer molecular wClgnts 

from run-to-run for the same concentrati,on were ident:ical~ 

assumin~ constant reactlon condit1oQS. This 15 summarlzed 

in Table III - 6. 

L\) 

'. 
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FIGURE III 16 

Polymer ~olecu1ar Weig"ht a.t· Various CO,ncentrat :t0/ns of 

PY2Cu (TCP)2 in Benzene at 71°C. Reaction Time = 48 _hrs . 

..t ..... _- .. ~ ___ ~ ____ .. _ _. .... 
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Il 

\ 

,- FIGURE III 17 

Polymer ~olecular Weight at Various Concentrat10ns of 

Reaction Time = 48 ors. 
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TABLE III - 6 

~n of Polymers from Decomposition of PY2Cu(TCP)2 in Benzene 

(40 gms/l) 

Temp. (oC ) Cone. (gms/l) 
'1 

n 

71 1 gm/25ml 44,500 

71 2 gm/50ml 46,000 

71 3 gm/75ml 46,000 

7l 4 gm/lOOml 45,600 

-. 
i i i ) Various Solvents , 

The decomposition of bis(trl-' 

cnlorophenoxo)bis(pyridine)eopper(II) in benzene, toluene 

or cumene at 75°C was examined photometricallv at 22,500 

-1 
cm The results' are shown in Figure III - 18. 

It was found that the sDlvent 

-
utlllzed had an adverse effect on the reaction products pro-

duced. The effect on polymer 15 shown in Table III - 7. 

The effect on the copper(II) complexes will be dlscussed ln 

Soction III - 4. 

, 

.. 
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\ 
FIGURE III - 18 

Decomposition of PY2CuCTCP)2 (1.35 x 10-
3 

moles/l) in 

o -1 
Variou~ Solvents at 71 C at 22,500 cm 

o 0 0 benzene 

A Dr. A toluene 

o C [Je C umene 

- .. 
' . 

.. 
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TABLE 

of Polvmers from Decomposition of PY2Cu(TCP)~ for 

) 48 hours in Var10us Solvents 

Cane. (gms/l) Solvent 
:i 

n 

50 benzene 79,000 

50 t01uene 39,000 

50 cumene 13,000 

C) ~ecomposition of Other Phenoxo-metal Comnlexe~ 

Phenoxo Complexes Containinp, ~~etals Otner 

Than Copper. 

a) Trlchlorophenoxo-pvridine-nlCkel(II) 

The infrared spectrurn of thlS 

green complex 1s shawn in Chapter VII, and contalns evidence 

of Doth trlchlorophenoxo and pyridine l~gands. The ultra-

v~olet-visible spectrum is demonstrated in Figure III - l~. 

The complex was found ta bt: 

rC'i.J.t::"vt::lv sta\~lc ln air. In organ1c solvents, suell ~s ne:-.-

, .' 
Zene, tlle complex showed no S1gn of decompo'iitlon, t;;ven at 

7aoe for a reaction tlme of 24 hours. ... 
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FIGURE 111,- 19 

/ 

1 
Cltravio}et-Visib1e Spectrum of PY2Ni(TCP)2 ~n Benzène 

Cone. = 4 x 10-
3 ~ in visible re~ton 

= 4 x 10- 4 ~ in ultraviolet reg10n 

/ 



- 117-A -
,.... - .... 

Il 

2 uv ~ 'v 1s i hl e 

) 

<,V 1) 
u 
c 
C1 

.Cl 1 ~ L 

1 0 
CI) 

.0 
« 

"" 

\ 
0 1 1 

4 3 2.5 2 1.5 

; .. , ~ x 104 cm-1 



118 

~o further experiments werc 

~ 
perform€d with this complex. 

b) Trichloropheno~o-pvridine-coba~t(II) 

The infrared spectrum of the~e 

purple crystals is shown in Chapter VII. The presence of 

trlchlorophenoxo and pvridine ligands vere clearlv lndicat~d. 

7he ultraviolet-visible spectrum 15 shown in Pieure rrr - 20. 
q 

This comolex was found ta b0 

~table ln ooth air and s01ut10n. There vas no in01cation 01 

decomposit10n ln b~zene at 70 0 e for 24 hpurs. 
/ 

No further experiments were 

~erforMed on this complex. 

11) Polyhalophenoxo-pvridine-coppcr(II) 

Complexes 

a) Bis(4-bromo~2.6-dichlorophenoxq-

-------------,~~~-----------------------

bis(pyridine)copper(II) 

) 

The ultraviolet-vls1ble soectrum 

) 



'-

- 119 -

) 

FIGURE III - 20 

ültraviolet-Visible Speetrum of PyCo(TCP)2 in Benzene 

Cane. = 4 x 10- 3 ~ in xisible region 

= 2 x 10- 4 M in ultraviolet region 
J.. 

·~''t'\:-l 
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of tl\15 compl~x is sh-own in Fi~ure III - 21. The absence 

of anv ~ell d~fined maximum absorption in the vislble 

re/pon prevented followin~ the react1.on bv ultraviolc-t-

V1S1ble spectrophotometry. 

The phenoxocopper(II) complex, 

fl.rst reported bv Blanchard, et al, (2), was decoT'lpo-,cd 1.0 

nenzene or toluene (5 gms/I) at lloe for 24 heurs. It n<:1<1 

reen noped that there would be increased reactlvl~ at tne 
-" 

ll~ / 
4- posltlon, due ta the more readl1v dlsplaced brnmlne ato;n 

~----
(69). Ll.near, polv (2 ,6-dichlore-I,4-phenvlene et~~w3~ 

---------~ . ---------
the u l t -1. mat e g' 0 al. S t il n a t 0 f f ( 1 ~~ r e p 0 rte cl t Il C suc ce., --~~ 

fuI pre par a t 1. 0 rt .. , ~ f t h i sp 0 l V mer w i the xcI u s ive l, 4 - .i. l n k.î ;; e 

US1np, 4-hro~-dlChloroPhenol anJ benzoyl perox1de as 

lnltlator. 

ln order to h.:ve exCluSivelfy 

, 

1,4- :lnKage, l,the dihalocopper(II) reactlon product fron 

1 
tne dccomposltlon of the phenoxocopper(II) complcx would 

na v è t 0 b e entirelv pV2c~Br2' The preclpitated comr1i:X 

turneG out ta he caked with insoluble polymer. jThc rolvmer 

~as separated wlth hot toluene. Analyses of b~th tne cop-

per(II) complex and polvmer, in the case where benzene W3S 

uheo- as solvent, are shawn 1.n Table III - 8. 

~resu~_~s 1.Iere obta1.ned with'to1ucne.as solven,t. The' preSènce 
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FIGlJRE III - ~1 
o 

lJltra;iolet-V~sible Speetrum of PY2Cu(CliBrP)2 in Benzene 
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· , 

of sorne PY2CuC12 was also indicated by far-infrared spectros-

copy. 

TABLE III - B 
, 

Elemental Analyses of Reaction product~ from DecompOSltlon of 

Theor. for 

Pv
2

CuBr
2 ,., 

C 31.5 

Il 
,~' , 

2.6 

c,;J C 1 O. 
..... 1 

Br 42. 

.. 7 .3 

Cu 16.6 

- ~ 

Anal. 

% 

32.51 

2.52 

3.84 

35.87 

7.62 

17.60 

o 
Benzene at 71 C 

Theor. for 

?olvmer 

44.1 

o. ",.3& 

The molecu1ar Wel.~ht of the 

polvrner \Jas found to b~: henzene as solvent, '{ 
n 

= 126,Of)O, 

toluene as solvent, M 
l} 

== 130,000. ç, 

The 4-bromo-2.6-dichlorop~enoxo-

coooer (II) complex was also decomposed at room temperature ':'"O{ 

1.5 months 
(ê ' 

in behzene. 

.temperatu~_",ould result 

'\ 
It \Jas hoped that reaction at 1010er 

1n greater selectlvitv tO\Jaràs COU?:-" . 
TheoanalvS1S for the polvrner ?rocucea 

"'\ 

, , 
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1 
ln this reaction ~as as follows: 

Calcd. for lineaT polymer: Cl, 44.17.; Br, 070. 

Found: Cl, 39.237.; Br, 6.68Z. 

TIl1S analvsis ind1cates no increase in select1vity at lowt.:r 

temperature. / 

be soluble in 

The low temperature nolvrner 

toluene above 70°1. The re~ult-
gummv 

D 
solut1on of polvmer in hot toluene was 

f r 01"1 t nec 0 p p e r (1 l ~ pre ci pit a t e h y cl e c a n't a t 10 n in 5 t e a d ° f 
f11tIi3tlon. Several washin~s w1th hot toluene were made , 

. t 0 en sur c co M pIe t e i 5 ° 1 a t 1 0 n . :; 0 '5 U i ta b les 0 1 ven t 
J 

- j 
/ 

fou n ci for d ete r min a t 1 ° n 0 f. t h er ole cul a r wei g h t Oi: 

oolvraer at amblent temperature It can be é\,ssumed, 

was 

no\o:ever, 

t ' .. 1 t M wa sc,? n 5 ide rab 1 Y 111 g h e r t han t h a t f ° t:1 n d for 0 t :1 e r 
li 

Slmllar polvmers prepa'red at higher temperature. 

b) Bis(tr~bromophenoxo)his(pyrid4n~)-

/ copper (Il) 

1 
-, 

This trihromophenoxocopner(II) 

com;>l.cx, f1rst reported by Blanchard, et al (2), was Clecom­

posed ln benzene, or toluene, (50 RIDs/l) at l'1°C. Reaction 

too~ place very rapidly. The green copper(II) precipltate 

resultlng from the reaction was 

\ 

- ! 
t<lr" 

'\ 
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infrared spectroscopy, (cf. Chapter VII). Conflrmatlon of 

structure was made by comparison with results renorteJ bv 

r.oldsteln. et al (92). The visible spectrum of trihrorno-

phenoxocopner(II) and the resulting solutlon after dccomposl-

tlon 1s shown ln Flgure III - 22. A photometrie 5tuov of t.l~ 

ueeOr.1rO~ltlon of trlbromophenoxocopper(II) at 

Dcnzc>ne at 75°c 1s shown in Figure III - 23. 

- l 
22,30n em 

The Infrared ~pectrur1 of the 

:10lvml'r qgreed wltn tha't obtained ( 90) , 

ln 

i 0 r roI v ( 2 , 6 - d l. br 0 mon h'e n'III e nec t Il e r ) . 
~ 

lne Infrared ;;"ectru:î 

15 snown ln Charter VII. 

Apart from results rerorted ln 

~l!ctlon III -.4, for the formatlon of "4-oxoeo~per(Li.) com-

rlexe~. no further investlgatl0ns were earrlE'J out on t,ILS 

c,or;.;>ound. 
\ l 
.~ 

c ) Bls(trliodophenoxo)bis(pyrldine)capn~rlIl) 

The vislble Goectrum of thls 
05 

~n~noxocopper~iI) complex and the solutl0n after a~conpos~tlor 

lS snawn in Figure III - 24. These maroon-coloured crvstals 

Wére round ta De relativelv unstable in the SOlld state. ln 

~olutlon, using henzene as solvent, the complex decomnose~ 

rei"ldlly, glvlng a \Jl1ite polymer. The infrared spectrum of 

tr11S polvmcr 15 shown ln Cnapter VII. A photometrie studv 

.~ 

1 _ 
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FIGURE III - 22 

Vlsible Spectrum of PY2~u(TBP)2 and Solution After Decompo~:-

tion. 

a) 

b) solution after decomposition. 

..' 
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FIGURE III - 2~ 

-J e co on P 0 5 l t ion of PY2Cu(TBP)2 at 22,300 

-., 

-1 
cm 

.L 

in Benzenc 

( 
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FIGURL III 

.1) 
V1s1ble Spectrum of Pv

2
Cu(TIP)2 and Solution After 

,) e C 0 m p 0 5 i t 10 n 

a) 
.' 

, b) solut10n after de~omposit1on. 

• 
o 
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._-
of the decomposition of triiodophenoxocopper(II) at 

-1 0 
20,800 cm in benzene at 75 C i~ shown in F1gure III - 25. 

~o further studies were con-

ducted on this phenoxocopper(II) complex. 

i i i ) Trichlorophenoxocopper(II) Comp1exe~ 

Containing Neutral Ligand~ Other Than 

Pvridine. 

a) ~,~l,~' ,N'-Tetramëthv1ethvlenedlarr,lne 

as ~eutral Ligand 

Bis ( tri chIo r 0 p h e n 0 x 0 ) (t"e t r a "l et, l V 1. -

ethylenedlamine)copper(II), first reported by Harroa (34), ",as 

decomposed in benzene (saturated solution) gt room tem?eratuTè 

for flve months .. The reaction products were a b1ue copper(li) 
/'it .. 

comp1ex and po1vmer. The polymer was identlca1 to polymcr 

"from tne decompositl0lt:of t-{:!.chl-orophe~oxo-pyridine-coprer(II) 
,~ '''----

as eVldenced by its infrared and nuclear magnetic resonance 

spectra. The number-average molecular weight was faun"': to be 

161,000. 

Bis(4-~romo-2,6-dich1arophenaxo)- \ 

(tetramethvlethy1enediamine)copper(II) was formed as d3rK red-

/ 
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FIGURE III - 25 

----------------~\~ 

Decomposition of PY2Cu(TIP)2 at 20,800 

at 7SoC. 

-1 
cm 

\ . 

in Benzene 

\ 

• 
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brown crysta.1s. These were stable ln air in the SOlld state. 

The u 1 t r a V' i ole t - vis i b les,? e C t r u mis 5 ho w n in F i (> u r ,e 1,. l l - 2 (-, . 

"' This comple.Jf was decomnosed 
" 

::..n 

--J)enzene (2-5 gms/l) at room temperature for four mo'nth.:;. Tne 

r e a c t, ~ 0 n pro duc t s w e r e é! d a r k g r e e n c 0 p p e r ( l 1) pre C l P 1. t a t e 

and a partl.ally rnsoluble polymer. Ih~ latter compound ~avc 

, -
i:1frared 3r}.d' nuclear magnetic resonance srectra Ident lca::' t'(l 

polvmer obtain_ed (rom th.~ c'brrespondlng ovridlne compi.:!x. 

; 

.. Although tnese ~x..o .... t,etra-· 

t.letnv,lethylenediaminecopper (1 1) c'IOmplexes eXhibit~ c l~,arlv 

-1 
u.cfined maxima at, 20,500' and 20,600 cm respective~Y. t~elr 

\ 

Ù e c 0 m p 0 S i ~ ion s we r e Ilot st u cl i e d p,h 0 tom et r l c a ,Il V . 
\ r 

, 
b)' Other Compounds ~s Neufral Llga.nd 

'i.' 'c 0 n t a' i n 1. n p, 
.. 

ammonia, 

} 

-,P'h e n 0 x ô c 0 P P e r P 1) c o !li t'l, l e x e 5 

ethylamine, dimethvlf~rmamlde or . .... 

\ -

ulmethYJsulphoxl.de as neutral i:!:-gand wer-e,"decornpose'c ln 

various solvents in an attempt to prepare the con::t!snondl"n~ 

~4-0xocop~er(II) complexes. The results are d1scussec ln 

Sec tt :l. 0 n.' III - 4 ~ 0 No 0 the r s t u die s w e r e p e r for m ~ cl ont h e S-Q t 

c, 

) 
< 
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FIGURE 

, D 
Jltra9iolet-Visible SRec~rum 

• 1 

Benzene 
ttfS.,1' . 

\' ~ , 
;éoncentratign = 
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0) Effect of Additives on the Decompo~ition of 

Bis(trichlorophenoxo)bis(pvridine)copper(II), 
"'-

li) Free Rad~cal Initiators 

The reaction rate of bls(trl-

cnlorophenoxo)bls(pvridlinc)copper(II) was stronglv affèctt~d 

nv the addition of free radical lnitiators. The d e c.o m ') n 5 l -

tlon was studied photometritally at 
-1 

22,500 CM 
/ 

SOJ:lC 

result~ are shawn ~n Fi~ure III - 27. A numhcr of p~roxlJes 

a n cl Il V d r 0 p e r 0 x i cl es' we r e e x ami ne d , azoblsrHoP1001-

trlle. 

- 27, the 

----~èroxide anti azo lnitiators reduce the lr.~uC::lon 

:' è r l {) d il n d in cre a 5 e t 'h e r e a c t ion rat 

~ow~ver, seerned to have a more compl~ atcd effect. -.., 
~~ dlscusseC further ln Section IIi - 4. 

'" 

Analys~s f polymcrs ~v lr.fr3rcc 
, 

-
s7)cctroscopv showed no evidence of ini't13tor fra~'1\ents. ,le 

:1 li m ,) e r - a ver age l'm 0 l ecu 1 a r wei g h t 0 f pol v mer, f 't' 0 m t r l c n i 0 r 0 -

;o~enoxoconper'(I'Ih",-~n' tt)e presence of a 1:1 molar ratlo of 

cumvl ~ydroperoxide, reacted ~n benzene (50 R~s/i) a:: 7I
o e 

~ 
:or,.~L.snours, was 44,000. In cOmprtrlSon, nolvmer obta,n~J 

unaer ~dent~cal circumstances. but in the absen<.e of :Ivaro-

", 

. ". ( 

r 
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FIGURE III - 27 
/ 

Oecomposition of PY2Cu(TCP)2 (1.35 ~ 10- 3 
m) ~n Benzene at 

7I
o e ~n the Presenc.e-of a 10:1 :101ar RatIo of Various F'ree 

. 
RadIcal Initiators (Ini~iator to_PY2Cu(TCP)2)' 

~ 

followed at 
., 

0' 

22,500 

.' . . 

-+-

000 

-.,.....-.:... --

-1 
cm 

no initiator 

tert-butyl peroxide 

dicumyi peroxide, 

benzoyi peroxide 

2,2 '-azobis[propionitri1e] 

-. - ~tert-butyl hydr!lperoxl:de 

o G 0 cumene hydroperoxide 

D 

Reac t Ib'ns 
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\ 
\" 

perox1l1e, had a molecular weight of 49,000. 

" The effect of benzovl pcroxlde 

on the Inductlon period in the decomposition.of trlchloro-

phenoxocopper(Il) 15 shown in Figure III - 28. 

11) Carbon Tetrahalides 

The additlon of carhon tetra­
\ 

llaliaes to a solution of bis(trichlorophenoxo)bls(py.rldine)­

copper(II) was found to grèa.li:~Y, enhance the decomposltlon 

ra te. A sol ut ion 0 f t il i s ph e n 0 x 0 c 0 pp e r ( l 1)~ C 0 m p 1 ex 1 n 
, 

nenzene (50 gms/l) took tnree months to tielè6mpose' at roo", 

tCf'lperature. On the otller hand, an ldent:;cal J.solutlon, 

r 
con t a in l n l; a 1 a : 1 mol arr a t i 0 ( cel 4 / P y 2 C u (T CP) 2} 0 f • car D.O n 

• ~ 0 , ~'-:-'" 
tctracnloride. reacteCl 1.0 1ess t-han one weeh.. Slml1a~ 'rcsults 

b l S ( t. rie h 1 0 r 0 p h é n 0 ~ 0) (t e t ra m ~ t h Y 1 e t n ~ .. e -

",am,a:)~pper(II). uSln, carbon tetrabromi~ \ 

Similar findings were a1s0 

were oDta 1.neCl \011 th 

ootained at elevated temperatures. The dihalocopner(II) 

\-

preC1.Pltate was detected wlthln flfteen. minutes for il 10,.1 

complex 1n henzene (4 gms/1) at 7loe. Witnout tne carbnt . 

\ 

• If/' 

î 



.' 

.. 

- 135 -

. , 

t' 

FIGURE III - 28 

, , 

<~ffect on the Jnduction Perlod at Various Concentrations of 

3enzoy1 Peroxide ~ Ini~iator in the Deconpositlo~ of 

PV
2

Cu(TCP)2 
~3 0 

(1.35 x 10 ~) in Benzene at 71 C. 

L 

; 

-
, 0 

'-
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tetrahalides~ approxlmate(y three hours vere renuired ta 

reach the equivalent stage of reaction. 

The effect of carbon tetra­

orom~de on the rate 'of decomposition of trlch1orophenoxo-

coprer(II) in benzène 
o 

at 70.C was ~tudied nhotometr~callv 

dt 22,500 
-1 

cm The results are shown in Fi~ure III - 29. 

The reaction products fro~ t~c 

ùecornpoSltion of trich10rophenoxocopper(II) in thè rresence 

of a 10:1 m~lar ratio of carbon tecrabromide were analvseJ 

for t~e presence of hromine. The results ar~ summar~zèè 

-:'able III - 9. 

\ .J'<' 

~ TABLI:. III --9 

Analvs~s of Reaction Products from the JeCOrnnosltloh of) 
?v

2
Cu(ïCP)2 ln the Presence of CBr 4 at 7Ioe 

------------~-r-o--d-u-C--:----------------~(~~--C--1------------------------7-"--E-r~-------

23. 75 4.00 

iJolyr.::er 44. I Q. 

,--1-" 
) The polymer numoer-av€ra~e 

molecular ~~ight did not appear ta be affected bv tne aQC~-

~'1 ,: t. ., 

., 
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f 

FIGURE III - 29 

.)!: f f e c t 0 f tJh e Ad dit ion 0 f e Br 4 0 n the De C 0 m p 0 s i t 10 n 0 f 

tPVzCu,qCP)2" ln Benzene at 70
0
e. Re~cti.ons fo.llowed,at 

, -1 
22;500 cm 

no C Br 4" 
0 , 

~O C 0 trace of eBr 4 , 
," f 

0 0 0 10:1 ~olar Ratio 

, . 

( 

f, 
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tion of carbon tetraha11des. This 1s shown in Table III - 10. 

TABLE III - 10 

-
:-i or 

n 
Polv-mer 

! 
--1. J-

from the De~~mposition of Pv
2
Cu(TCP)2 

Ben.zene at 71°C in the Presence of CX
4 

(50 gms/l) ~n 
" 

-
.... , ",,~.,. 

(hrs.) 
M CX

4 .' :l\ lC-fl .. time n 

68 49,000 none 
'-" 

0 

68 49,000 CC1
4 

68 46,000 CBr 4 

The additiona1 reactlon ~r0GUC~S. 

Que to the presence of carbon tetrahalides, were anAlvsed nv 

a cour1ed gas chromatograph-mass spectrometer. 

~re?ared bv pre1iminary removal of tne d~halocop~cr(l~) 

Lomplex and ro1vmer. About 75~ of the benzeneÎ~et~anol Wi~ 

t :Ien removed Ov distillation on a ro.tarY,\ev,-porator. 

() / 

For an initial 1:1 molAr con-

ceritration (~Sr4/PY2Cu(TCP)2)' dich1orobenzene was detected. 

7n~~ ~s shown in Fi~ure III - 30. Dichlorobenzene W3s ~ot 

ev~àen~ as q reactlon product from the decomposltlon of -?~enoxoco~per(II) ~n the abSenCe)Of carbon tetrahailues. 

/ 
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1 

- ., 
-' " 1 

, . 

FIGURE III - 30 

GaS-~h~omatOgram of Reaction-Mix1u~e in Pres~nce of 

1:1 ~olar Ratio of CBr 4 (CBr 4 to PV2Cu(~CP)2)' 
t-

a) methanol 

b) benzene 

c) CHBr
3

? 

d) ~ichlorObenzene 

e) "~Br4 

Mass' Soectrum of OXthlorobe,nzene~ . 

\ 
o 

, 
}-. 

f 

r r , 

~ 



1) 

"1 

f "r\, , 
/~ . 

r1')~ 
t 

~~ 
+-1 

6~ C 

r 

"'. -

tU 4~ 0:: 
1 

. \ 

\ 

•• 

e 

• 

l .' 
1 "'. '\ ~o 1O. 

l'y" , 
~4") 

r~ oiu-

" 
"-

o 
e " 
\-1 

' .... 

... 

0 

Il 

• 

~ 

CI .4" .--....~ ... -

~~ 
,., 

/' 

/ -

- .0 tl 
1 

~ 

111 .. 

~ 

~-

• ')r'I .... ' 14" 
0 

mie " 

" ..,; 

" " 
,.;~ 

'-./ 

:.;{ . ~ 

r~. J. '"', \, 

t> 

ç') 

/ 
.:' 

·r 
/ , 

" 

\ 
, 

. ,- . ( 
' - " , - tO fJ 

:c:." 

" .... • 
.. 

fi 

.... 

"'. 
< • 



- 14 a -
, G' 

For an in1tial 10:1 molar 

~ con c e "T),...{; 9-: t ion ( C Br 4 1 p y 2 C u (T CP) 2 ). chIo rot r i br o. mo m et na n e ~ 

CBr)Cl, \Jas detected~ This is shown in Figure III - J~. 

There was no ind1cation of the presence of dicnlorobenzene. 

The maS5 spectrurn of carDon 

tetrabromide i5 shown in Firure III - )2. 

111 ) Trichlorophenol 

.. 
." The decompositlon of D1s(tr~-

chlorophen~xo)bis(pyridine)copper(II) was studied ln tn~ 

presence of added trichloroohenol. Solutio~5 of t~e ~nenoxo-

copper(II) complex in benzene (50 gms/l), contaln1n~ va~iOUS 

amounts of trichlorophenol, ., were reactea for 

The polymer~ were isolate~ and washed 

w1th methanol to remove anv trichlorop~en61. 

24 hours at
l 

several tlF'':s 

The effect on 

~he number-average-molecular weight of the oolymer 15 sno~~ 

ln Flgure III - )3. 

The polymet"s were stud~ci 1n 

solut10n (0.04 gms./2 ml CS
2

) by.inirared spectroscopv. 

~ . -1 
Tne intensity of thehydroxyl absorption a~ 3530 cm was 

~, 

found ta increaêe with the concentration of ~richlorophenol. 

l;~ • 
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o l 

. FIGURE III - 31 

i) Xass Spectrum of GBr
3
Cl. 

il) Gas-Chromatogram 6f Reaction Mixture in Presence 

o f 1 0 : 1 Mol él rRa t i 0 0 f C Br 4 ( C Br 4 t p P v 2 Cou (T CP) 2 ) . 

a) methanol 

b) benzene 
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FIGURE III - 32 

Mass Spectrum of CBr
4 

o 

( 
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FIGURE III - 33 

Effect of the Addition of Trichlorophenol on Polvmer 

~olecular Weight in the Deco~positi9n of PY
Z
Cu(TCP)2 

ln Benzene at 7loe' for 24 hrs. Trichlorophenol i5 added 
, . 

to a solution of 5 gm. P'Y2Cu(TCP)Z in 100 ml. benzene. 

. ' 

o 
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l'his i5 shown in Figure III - 34. 

~v) Other Additives 

The addition of pyridlne to a 

.. 
s01ution of the trichloropnenoxocopper(II) complex in 

benzene ""as found to prevent reaction. This agrees Wlt~ 

results reported by Harrod (34) and Blanchard et al (2). 

The use of stvrene as solvertt 

for bIS ( tri chIo r 0 p h e no x 0 ) bis (p y r id ln e ) c 0 pp e r ( l 1) inti l li 1 t (' G 

t:1e reaction. It had been hoped that if the decom~oslt~on 

o f p h e n 0 x 0 c 0 p p e r ( l l ) i n d e e d d i d pro c è e d -<.,.A.-r 0 u r, h t \) e for r1 d -

tion of phenoxy radica1s; the formation of polvstvrene or 

a copolymer of styrene and phenv1ene ether un~ts Cl~gnt 

occur. The reaction ""as performed under vacuuCl and ln 

. 
Vlew of the hi~hlv irreproducible behaviour of the reac-

tion ln benzene under vacuum, perhaps this result should 

not De taken too seriously . ., 

Trichlorophenoxocopper(Il) 

ln benzene (50 gms/l) o was _reacted at 71 C for- seven hour'3, 

""hile bUDhling oxygen through the solution. The nurnhcr-

average molecular weight of the resulting polymer was tne 

.. 
" -

" 
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FIGURE III - 34 

Infrared Spectra of t~ly~er from the Decomposit~on of 
~J,r 

PY ZCu(TCP)2 (50 g/l) in Benzene at 71°C for -24 hrs. ~n 

) 

the Presence of Varlous Amounts of 2,4,6-trlchlorophenoï. 

a) no trichlorophenol 

.. 
b) 0.25 gm/5 ~m Py 2Cu (TCVr;---

r -c) 0.50 gm/5 gm PY2Cu (TCP) 2 

d) 0.75 '-gm/ 5 gm PY2Cu (TCP)2 

--) 
e) 1. 00 gm/5 gm PY2Cu (Tep) 2 

/ 

, 
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same as that obtained under normal atmospheric conditlons. 

0xygen had no detectable effect on the product copper 

comolexes either. 
~. '''1 

III - 3 POLY~ER CHARACTERIZATION 

The nuclear ma"neilC resonance 

.. 
s~~ctra ot polvmers prepared from bis(trlchlorophenoxo)blS-

(?VriOlne)copper(II) and bis(~-bromo-2,6-~lchlorophenoxo)-

ols(pyridlne)copper(II) are shown in Figure III - 35. 

The intrinsic viscosity of 

several polyrners i5 shown in Table III - Il. 

o 

1 

\ 

/ 
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F IGUR E III - 35 

.Nucleàr Magnetic Resonance Spectra of Polvmer 
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N.M.R. of Polymers 
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TABLE III - Il 

en] for Polymers from.the Décomposition of Phenoxocopp~r(II) 
~ < , 

at 11 0
C 

* "1 
Phenoxo Reaction So1vent [n] n 

TCP ben.z ene 0.038 26,000 

Il " 0.054 34,000 

" " 0.054 47,000 

Il " " 0.066 54,000 ..... ..0 

Il " 0.073- 61,000 

Il " 0.073 69,500 ... 
Il toiuene 0.043 39,000 

C1
2

BrP " 0.112 130,000 

" 
" benz ene 0.112 126,000 

7 0 ~ * Data obtained in dieh1oromethane at 25 C. 

"" 
J The infrared spectra of the .. 

polymers pr~pared from trJchloro~henoxocopper(II) were 

1..:en'tica1, regardless of so1vent, temperature, co'ncentra-

.... 

tlon or reaction time. There 'vas no change in peak posltlons 

or ln r~lativ~ intensity of any a~80rptions. 

, • 
polymer prepare~~rom the 

d ecompo s i,e 10n 0 f bis (4 - bromo- 2, 6-d ie hlorop henoxo) b 15 (pyr ld l ne)-

co?per(II) in benzene aç room temperature could be isolated 

as a thl, elear film by evaporation of the solvent. 

:' , Addi-
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tion oC methano1 ta the solution resulted in a whlte pow-

der. X-Ray a~alysis of the polymer showed no ind1catl0n 

of crystallinity. On the other hand, no deflnite glas'i 

transition temperature cou1d he obtained bv dlfferentlal 

scanning calorimetrv. 

Po1y(Z.6-dlchloroDhenvlenc 

~cther) (see Figure IIJ - 16) was found to 

-
contôln trapped "free" radieal~. by e1eetron S~ln resonance 

speç:troscopy. 

• h 

III - 4 FOR~ATION OF U4-0XOCOPPER(II) CO~PLEXES 
1 

~ 

A) Decomposition of Bis(trichlorophenoxo)Jis-

" , 
(pyrldine)copper(II). 

In the course of a s?cctro-

~ , 
pnotometrie study 'of the phen6xocopper(II) com"olex in 

benzcne, toluene or cumene as solveIl-t, it. ",as notlced Clat 

the absorbance of the solutions did not go to neglig1.bl v 

-1 
small levels at 22,500 cm on completi'On of reactlon, as 

expectcd. The cl l c h 1,0 roc a pp e r ( 1 1) r e a c t ion pro duc t wa 5 

eompletely insoluble. Eveil on removal of polymer frnT'". C 

solution, the anomalous absorption remalned. 'l'he resuLt 

suggested the presence of a hitherto unidentlfied reactlon 

product. 

<> 

,; 

" 

., 

, , 
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,.' 

under microscopic'exa~~nat~on, 

tne d'~chlorocopper(II) precipitate 'was found to be contamlna-

ted hy a "sm,~ll amount of crvstalline material wnich cou~d- t,c 

rem 0 v e d b v ex t ra c t ~ 0 n w i t h ~ i c h-l 0 r 0 ID e t.h a n e 0 r ace ton e . 
.. " .. 

amount of this compound in the precipi~ate wàs ~suallv a:-OlAt 

3 ,: b y wei g nt. A trace amount was in splut~on In'tne rea~-

tlon ::,olvent. resul"tlng ln the aforement.loned "straw" cp:'our. 

Rep~tit~on of the above ~toLe-

dUTes ~n tolu~ne a~d ln cumene as reaction so~vents gave t~e 

::,ame compound ln ca. 15% and ca. 100: vields respectlv2iv. 

~e~etlt~on of the reaction in henzene ln the prese~ce of ~ 

fl~e to one molar ratio (hvdroperox1de/Pv 2 Cu(TCP)2) n!' 

-cumvl hvdroperoxide ~ave a near quantitati~e ~ield of t~E 

f-old -coloured crvstals. 

These crystals analvsec as 

Pv
4

Cu
4

C1
6 

us~ng elemental analysis and molecular weignt 

<.leter:ninat~on . On d~ssolution. ~he resulting "stra ... " . 
colourecf solution had a visibl; spectr..um identical to that 

of tne solution at completion of r~action. This prov1deC! 

at least partIal explanation for the finite absor~tlon at 

t he end fJtj r eact 10n.-

p~nary X-Ray data (99) 

..1' 



- 151 -

inaicated a tetrahedral copper clus~er with each ed~e 

l' 0ccupled bv a chloride atom and each apex bv a pvridlne. 

At about tne same" tlme as this work, Kilbourn and ;)unitz 

. 
(7h) reported the synthesis and structure determlnatlon 

or ~4-oxo-hexa-u-chlorotetrakis(pyridine copper(Ii)~ lt 

qUlc~lv hecame eVldent that tne gold crvs~als ontalnca as 

reactlon proàuct from phenoxocopper(II) were the same co~-

""1olJnd. The oxvgen nad lnitially been mlssed due to 1nsu:-

flclent sensitivltv in chemical analV51s. Reflnement of 

our own ~-Ray data confirmed the identitv of this camplex 

~lth tnat of Kilbourn and Dunltz. The structure of the 

Lornpound 1s snown ln Figure III - )ff'. 

A series of decomposltlons of 

bis ( t r l c nI 0 r 0 p he n 0 x 0) b ri:; (p ~ 'i id in e ~ c 0 p p e r (I1) in he n z l.' n e 1 n 
" --

'!> 

tne presence of sorne common free radical Inltlators, fol-

lowe~ spect~ophotometrlcally, 15 shown ln FIgure III - 27. 

Altnou~h aIl of the initiators caused diminutlon of the 

normally observtèa induction period, the ,behavlour Ql nvc.:ro-

rèrOX1~es was distinctly different from that of pcroxlde 

anu azo Initlators. It was eVldent that hydroperoxldes 

... 
un~er~ent a very rapid r~actlon with tne pnenoxocopper(II) 

complex whlch was qJa~4tativelv different from that occur-

rlng Witi. otner Initiators. This difference was also 

reflected in the difference of reaction products, as shown 

in Table III - 12. 

1. 

: ... "'.:1,--, ...... _ ........... , .. 

'i) 
~, _::~. _0:-

____ ,",: V' 

-.. 
.-~- . 
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FIGURE III - 36 

--------~ 
... ,~'l 

.~ ... -- .. ~ 
"'; ). : .. 

o(~''"' __ • ~ 

Structure br u4-oxo-hexa-~-ch1orotetrakis [(pvrid1ne) 

çopper(II)] 

-

· . 
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III 12 

• lfect of VarlOUS l~ltlatorq on the KC3ctl0n ProJucts ln 

---------------------

inltl.ator 
; 

,,0 ln.ltl."ltor 

- ,. Benzo"l peroxlde 

t-b.Jtyl ;')croxlJe 

J.lcumyl peroxl.de 

~-RutyJ hvdrorerOXlde 100, 

Cumene lIvdropèroxlde 

-, 

---------------------------------------------------------------------

... 
• <'" ,J, * Pre c i p 1 t a t,(! d r cac t ion pro J u c t 
- ... 'W. ~ .. 

1<; il 

mlxture of ~v CuCl 
.- 2 2 -.' 

and 
~ , .. P v 4 L u \.1 b () 
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, . 

B) Synthesis of Other ~4-oxocopper(II) 

The synthesls of a numher of 

otner ~4-oxocopper(II) complexes vas attempted DV flr5t pre-

par1ng tne respective phenoxocopper(II) complex, and tnen 

decomposlng ln the same manner as for the formatlon of 

o :h-O - he x a - ~ - chIo r 0 - c e.t r a k i s (p v r i cl ln e c 0 p p e r ( 1 1 ) ) • . 

copper(II) 

Decomposition of blS(2,4,o-trl-

oromopnenoxv)bis(pvridine)copper(II). 4n henzene or toi~ene 
., ' 

produced a green crystalline precip1tate whicn was shown to 

he Pv
2

CuBr
2

, by infrared and far-lnfrared spectrosco?v, in 

~uant1tatlve yiel~. Further extraction Wltd oenzene and 

dlcnloromethane showed no adclitional comnlex~s. 

Decomposition of tne phenoxo-

copper(II) complex in cumene gave a darK green preclpltate 

whlCh was found to be a mIxture of aoproxlmately 60% 

?Y2CuEr2 and a dark brovn complex vhich on extracciol.'wltn 

t e t r a h y d ra fur a n a n cl r e c'r y s t a Il i z a t ion b v e v a po rat l 0 n ~';<l. Ii 
'. ' 

shown to De PY4Cu4Br6·O. by Infrared spectroscopy ana cle-

mental analysis. Repeticion of the decompositlon in benzene, 
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ln the presence of a one to one molar ratio of cumyl nvdro-

peroxide gave only a small trace of the w4-oxocopner(II) 

complex. 

li) U4 -oxo-hexa-w-chloro-tetrakis (ethvla:nl:1t· 

copper(II) ) 

Thermal decomnosrtion of lnc 

corrcsponding phenoxocopper(II) comp1ex, in benzene, tolu",n~' 

or cumene, or in benzene in the presence of a hvdro~croxlJc 

vlelded only intractable products, possibly ùue to autoxl-

datlon of the ethvlamine ligand. However, catalysee dccû~~ 

posltion ln the presence of traces of carbon tetracnlor.Jè 

vlelaed a precipitate which contained 75% of a lime green 

dlcnloromethane soluble comple~ and an lntractable gold 

coloured residue. Spectra and elemental analyses of tne 

former complex were in accord with those exnccted for the 

, 
di ) W4-oxo-hexa-w-chloro-tetrakis(trlonenvl-

ohosphiné oxide copper(II» 

It was impossible, under the 

conditlons attempted, to prepare and characterize sta~le 

bls(trlchlorophenoxo)bis(tripheThylphosphine oxide)copncr(II), 
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because of the extreme ease with which this com111ex lost 

neutral ligand. However, a mixture of uncomnlexed co~~er(Il) 

tr.lchlorophenolate and triPhe.hoSPhine oxide (both indivl-

cluallv completelv insoluble in cumene) ln cumene gave a clarK 

hrOHn solution wh1ch on thermal decomposit.lon" precinltatcd a 

large amount of orange-yellow powder, admixed with a smali 

r,uantitv of green material. Ex t r a c t ion 0 f t Il .1 's 1'11 X t ure W.l t Il , 

Glchlorometnane, foll~wed by evaporatlon, produced a larr~ 

vield of beautlful, well-formed orange crvstals. A 1 1- P ri v S l -

cal mea~urements agreed with the formulation of th.ls compiex 

as «C6t!S)3PO)4Cu4Cl6'O, previously syntheslzed hv Bertr.'lnc 

and ~elley (78) by a different method. 

lV) Other Attempted Svntheses 

Attempts were made to svntnes~ze 

.J 4 - 0 x 0 c 0 p p e r ( l 1) c 0 m pIe x e s w i th d i met h v 1 for m a m l de; d lm è t F. V i -

sulphoxide or hexamethylphosphoramide as ligand. Althou~ 

strong evidence for the formation of the desired ?rodu~ts 

ln the former two cases was obtained, the extreme facll1tv 

wlth wnich these ligands dissociated, frustrated complete 

lsolat10n and characterizat10n. 

Bls(trichlorophenoxo)d1amnine-

coprer(II) was decomposed undei aIL of the VarlOUS conJ1tions 

descr1.bed above. In aIL cases the complexes produced were 

l.ntractable and could not be satisfactorily characterlxeà. 
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------------------------------------
C) Spectra of ~4-oxocopper(II) Complexes 

The principal infrared and 

far-infrared absorptions, respectively of the dihalo-

copper(II) and ~4-oxocopper(II) complexes are shown ln 

Charter VII. Tom Dieck and Brehm (82) have reported that 

-1 
a band at 588-515 cm assigned to an asymmetric group 

~~,orat,on ;f the Cu 4 0 tetrahed:cn i5 a facile mctocd of 

taentlfying the W4-oxocopper(II) complexes. These reported 

values 
. \ 

ln this region, along with values in other reglons 

_by other- authors (78,79) provided' substantial support for 

identification of the W4-oxocopper(II)-complexes reportcù 

ln this thesis. 

-,' 

, 
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IV DISCUSSIO~ 

... 

'. -
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IV - 1 Preliminary Discussion 
,-

As r e p 0 rte d ~ n Sec t ion l, t hL' l ,1 t ,i -

lvtlC oxidative coup11ng of phenols to polvpnenvlene L't ,C'r'" 

using copper(Ili salts as OXldants, is believed to procL'cu 

~nrough tne formation of phenoxocopper(II) IntermeJlates .. : ( 

rcactlon 15 comp1icated s..~ce lt not onlv 1'lrocecu~ Véry r,~:.J~" 

at room temperature, but the ~nitial ~ntermedlate corn"")our;c.o, 

.:l r e ex t r e ru el v uns t a b 1 e: The aD 111 t Y toi s'o lat est ct ~ le ;l n l: n l' -< ,l -

copper(II) complexps would not only prove the~r eXlstcn~e, 

but also, facilitate an investigation of the overal.L rL'3C:.O:l. 

LmnnaSIS could be placed entlrely on the later 3t3ges 0: OX1-

Qat~vc coupling; ignoring aIl steps leadlng to the formatIon 

of phenoxocopper(II). Blanchard, et al(2), and tlarrod(34) re-

ported tne preparation and decomposition of several sta,l~ 

jlolyhalophenoxocopper(II) ·complexes. Analysis of tne dccomno-

'" s1t10n proLlucts rcsu1,ted in equatl0n IV - 1. TnlS thesu\ J",llS 

wlth the overall mechanism of decompoiit1on, utillz~n~ ~everal 

phenoxocopper(II) complexes. 

These complexes, IV - 1, arc t,ïOUgllt 

to he related to the unstab1e phenoxocopper(II) Int~r~éalate~ 

in the oXldat1ve coupling of 2,6-dialkvlphenols rt.'portcd 1n-

ltlallv hv Hay, et al(1). The reactions ln equatl0f! IV -
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lV - l IV _ J 

L = C5J1');' X = Cl 
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L 

\ 

\ 

m?y be carr1ed out 1n solution or in the SOlld state'fJ.J4). 

~ost of the research reported in this thesis was conductcd 

•• 
wlth compound IV - la. AlI deoomposit10ns were performeJ in 

solution, using benzene. toluene or cumene as solvent. 

" ' 

Trichlorophenoxocopper(II) com-

plèxcs, IV - la, exhibit no dipole moment(J4). sugge~tlng 

thc nhenoxo ligands to be trans to, each other. On tne ottler 

l1anJ t tne tetrame!!hylethylenediamine complexes. IV - lI.: anû 

" i, must have the phenoxo Il,gands cis to each oçher due (0 tnt' 

'i> 
Dltlentate neutral llgand. This has been conflrmed DV ~-~dV 

analVSls(lOO), and 1.S shown below. 

IV - le and f 

~ 

These latter fomplexes assume a slightlv distorted sGu3rc 
~ f 

planar configuration. 

Chemical analysis, mol~cular wClgne 

data ana lnfrared spectra indicate that the majorlt-y of tne 

-, 
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9 a b lep he no x 0 C 0 pp e r ( l 1) c 0 m p 1 e x e s are fou r - c'o Ir d i na t e dan d 

monomeric(2,34). Of the phenoxocopper(II) complexes stuclect 

and report~d in this thesis, only_the dimetnylformamlde co~~ 

p 1 ex. IV - l j. .i s t hou g h t t 0 b e d lm e r i c, f rom el e ID e nt a.i a na l \. -

SlS. ln the present study, structural conflrmatlon coula not 

be obtained with the triphenylphosphine oXlde and dlMetnvl-, 

sul p rro x ~ de co m pIe x es, Ivl- li and ~, respect~velv. necause of 
< 

tnelr lnstabillty. Howeyer, ft would not seem unreasonahJ.f; to 
1-' 

suggcst that aIl trlchlorophenoxocorpe~(II) complexes stUU1CG 

ln t01S work, possessing neutral ligands bonded·rhrou~n oxv~e~. 

are dlmerlc. They would assume a structure slmllar ta tne 

nexamethylphosphoramide brid~ed dimer reported by ~5uruya. 

et a1(42). 

1\' - 2 Ulscussion of ~echanlsm 
p' 

A. Earlier ProposaIs 

i) General Comments 

lt has long 

equation IV - l 15 rather idealized. 

of coppcr(II) reactlon product. 

proaches the theoretical yield. Thi no t 

aIl of the phenoxocopper(II) complex has been decowposea~ or 

that an additional hitherto undetected copoer(II) r~action 

, , 

) 
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product eX1sts. Second Iy, the polymers, IV - 3, 
... 

, , l are wc.. t<:1own , 

to be branched. This has been C early indicated by IntrinS1C 

v~scos~tv(2) and bv nuel agnetie resonance stud~es(42). 

S~m~lar findings obtained bv both t~chniques ~n tnis \.Jar", , 

.ts eVldeneed in Table III - Il and Fi~ure III - 35. LVe:1 morè 

important, these po1vmers have onlv modest number-averahe 

Molecular welghts not essentiallv infinIte mo:-

ecular weIghts as required by, the exact stolcn lo~elr j ..,: 

~q'uation IV.:! 1. 

It would seem, therefore, -tl1.3t 

eCluation IV - l is only a rather poor first apprOXl:7J3tlon to 

tne'actual reactants and products involved ln the t~er~31 C~-

compOSItIon of the phenoxocopper(IJ) complexes, IV - .L • ln 

faet, unaer the best condItions of purltv oot:alned ln t'1:'5 

wor~, the decomposltion of complex IV - la exhlblts an excc"a-

ingly long, perhaps inflnite, induction period. lhis su~gest~ 

the need for an initiator. There l.S no doubt that oxyr;en car. 

functlon as an lnitiator. Reactions in air exhiblt qUltc rc-

prociUClble b e h a-v i 0 ur, unlike those carried out • under vacuuT". 

li) Reaction Scheme 

It lS hi~hly unllkely tnat Jotn 

pnenoxo 11~anOq in compound IV - la would be lost: simultan~-

) 
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ouslv. Comp'ilation of the results of previ!,us work-e •• as SUI'l-

marized ln S~tlon l for a variety of 2,6-disubstltuteù pno~ols, 

would su~gest the series of reaction steps shown in ~ou~tlon 

IV - 2 to IV 8. 

Cl 

"', .ù~C'l 
cY ..... 

• l.V - 6 

• ',J - 7 .. 

(:; + l.V - 9 

IV - it 

Cl--JQ<-C~~Cl 
·~Cl =0 

Cl - Cl 

lV - 6 

/~3o>-Cl 
}) C II Cl + 

y? u, 

l . 
PY2CU Cl + 

IV - 9 

'Cl. 

IV - ? 

Cl . 

'O~Cl 
C1Y 

1'/ -

+.O~O 0 Ci 
,Cl" Cjg>-

Clr Cl IV ..., - , 

\ 
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~ poly:ner 

1. V - /, 

The initiation step ~n the tnèrrnal 

oecornpos1tion of phenoxocopper(II), IV - la, involves a lll"a~d-

,\ 

to-rnetal charge transfer, resulting ln a copner(I) cOr.1fllex, 

{Ir - 4, and a pnenoxv radical, IV - 5(34). Oxvgen mav <let 35 

an 

m;lter1al, to 

ln thls 
v 

reaction step by reacting wlth startlni:, 

produce a phenoxv radical and a Cu-O spccies, 
2 

renresented as cbmpound IV - Il. 

IV - il. 

A more likely reaction, in Vlew of 

tne radical induced decomposition react10n to "he d1scussed 

Liter, 15 the oxy~en induced Scisslon of the Cu-O bond, 1.:1tn 

fnrMat10n of cvclohexadienoneperoxide, equation IV -

, ~. 

c' 
v. 

" 

v -
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cul + ~~T-=v Cl 

Cl).=-./' 0 - o· 

• .le format1on of 5uch peroxide~ with phenoxy radlca1s 15 weU 

(,5t.:lh1is'led(J7). equation IV - 9. 

+ ù .... 

0)0,.\' raJlcalsresults ln qUlnol etller, IV - n .. TiI1S qUinù: 

ët:1~r can unoergo ch10rlne ~tom tran5fer witll 1\ - 4, rt.'-

sdltlnp ln tne copper(II) comp1ex, IV - 7, anJ a GlmerlC 

P '1 e n 0 x y rad i cal. IV - 8. Co m pou n d l V - 7 ca n al q 0 un ci e r .' 0 

f~rther decompo~ltlon bv 1055 of a phe~oxo 1Ig3n~, rrodu-

clng t:\(, correr(l) specl.es, IV 9 and a phcnoxv radle .. ,:". 
----'-

C'.lOrlnC transfer between qUlnol ether and tO.IS copper(i.), 

comrylex would give the dichlorocopper(II) prcclpltate, 

RepetItion of these reactlons. 

accompaf\le<1 DV further reaction of the phenoxy rad lcals. 

L.~.".!r ""lth monomeric pnenoxy rac.lica1s or with b::-i'ner groWli1~ 

J.. \.. -

• 
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oli~omer~e pnenoxy radicals via tlle qu~none , , . 
would eventuallv result ~n high moleeular weight polvmpr. 

Term~ndtl0n mav result froQ ~lrect 

COIlPllng of two polymerie rhenoxy radicals proJuein~ il JIOXln 

;T} 0 1 l' cul t.' ,(, b). 0 r Il v sim pl e e qui 1 10 rat 10 n 0 f t Il e e a r bon - ~g t: ra 

cou Il 1 1 n g ste r s. l n the 1 a t ter cas e ,~d s "of t Il e pol v -

r;;er cnaln5 would eonsist of qu~nol ethers, IV - 12. 

1 V - 1;> 

lnfrared 5pectroscopv has revealcd a small degre~ of tl'r~lndl 

, 
lvJroxvl ahsorption. Evidence reported later ln the dlC,cus,>lon 

attrloutcs this to trace amounts of tricnlorophenol Im~ur-

ltv ln tnl' pnenoxoconper(II) start~ng materlal. 

111 ) hranching 

"-
With trlhalophenols, coupl~n~ can 

o ecu rat a n v 0 f the 2. 4 , 6 - po 5 1 t ion 5 ( 2 ), aIt ,n 0 u g n t n e rel 5 

sorne preference for couflling at the 4- positlon('}) \..'tlen t,le' 

""~ 
nalo?,cns are identlcal. Coupling at the 2,6- posit~on5 re-

5ults ln branching, hv the reactinns shown ln cquatlons 
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.. 
lV - ld and 11. 

... \j -

\ :V ----
• 

o 

B. Pres,ent Findings 

i) Spectrophotometric Results 

ophotomett1c observatlon O' 

d~composl.tions of trichlorophe oxocopper(II) at 22,50,) c-, 

n3S thro""n much light on several phases of the overall nec "1:1:1-

lSr.'l of rea~tion. The initial stag~ of the srr(hotor.ettlc 

curve sup.gests that decomposlt10n of Phenoxoco("<II) must 

ne accelerated bv the resulting fprmation of phenoxv rdQ1CJi~. 
"-~~oIi" 

If tlllS were not 50, th'e spectrophotometric decomposltlon 

J -



169 

plot would oecreasc llnearly, and ~omplet~ decompohltlon 

would rCC'juire extensive reactlon times. Hay and I.ndres(l:ll) 

:13ve 'lugg,ested the direct attack of ph~noxy rad~cal al tIlt' 

4- f'0s1t~on of a phenoxo 11p,and on a phenoxocopper('lI) 1nt,·[-

.71 e J 1 .:l te, c qua t -1 0 n l V - l 2 . 

~~~ 
-Cu-

I 

~ CH~ 
@-P)(j-_Cd:"'1 

-----'~-
=OCu-

H - 1 

~, 

, .11 S resulted from the findin~ that tne oX1datlon 

of v l r h e n 0 1 w i the u (I) a n J p,~ r lC.lt n e r e sul t e d 
... "'--\,,' ~.... ~_ ... ~,.......~. -'~' 

r;;OleClll:3r wel~h~ ~~ierla1'l with presumablv il preat 

ln .l 0' ... 

.­, . 

" .. 

. ~ 
"COui'llng at the unsubstitut~d 6- positIon. (Jn the ot,,~r (.il;)y, 

.... 'ltn DulKv amInes, such as 2,o-dimcthylpvridlne, nign rlolE.-

~ular wC1gnt, ilthough not compleee1v linear, poly~érs werc 

a b t a 1 n cd. 1 t' wa sas s ume d t h a t b u 1 k v n eut r a l l 1 g and s ;0 r l' -

vented coupling at the' 6- position. 

The eXIstence of an 1nduct~on i'CrlO~ 

l n t:1 e s 11 e c t r 0 p hot 0 met rIe . C u r V e c a n b e exp lai n e cl 1 f t Il ~ : l ~ .1 n c. -

to-metal 'e1ectron transfer do es not occur spontaneou'ilv. ~n 

the p'r e 5 e n c e 0 fox y g en, a ver v slow 0 x y g e n 1 n cl u c e d r e a c t 1 0 n 

occurs, e~uatlon IV - 13. 
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cuL~4cl + 

C1Y 
IV - 4 

0-" 

Cl""", ,; 

'°frCl 
Cl 

At the same time, any phenoxy radIcal produced l.n l thlS re-

action must couple rapidly wIth a phenoxv ligand·~o glve 

qUlnol ether, IV - 6, equations IV - 14 and IS. 

":'V - 1) - l 
Cu + 

C5X~>Y---" ::;; Il -Cu -O, Cl 

Cl Cl 

IV - 1;2 

ClSX~~C.l 
0= cY - , 
Cl Cl 

IV - 6 

Since qUInol ethers are now known to exist in e~ulllbrium 

wltn tllclr constituent radicals(63), the qUInol ether can 

t 

" , .>. J - • 

: ~r _ ..1". 
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d~SSoc1ate.to two phenoxy radicals, equatlon IV - 16. 

Ch 
Ci~O,P Cl 

Ù=)=I~Cl 
C J Cl 

cp-
2·0 0 Cl 

Cl 

Tnè net effect of this cycle, equatlons IV - 14 to 1\' li" 
\ 

1S an induced decomposition of phenoxocopner(II) wlth a 

douhllng of the radical concentration w1th eacn cycle. ,Ile 

decomposltlon of phenoxocopper(II) becomes more and more 

ranld as the concentration of phenoxy radicals continue to 

lncrease. rventually, tne rate of decomnositlon begln~ tu 

fall off as the phenoxocopper(II) 1s consumeu. As would 'n} 

expecteJ for tb*i type of mechanlsm, the rhenoxoconper(II) 

,-"('composes 'more rapidly at: hlgher temperatures. 

The appearance of a "hump" ln tne 

~ 'f -

spectropnotometric curve suggests the formation of 

a '>SM b ing 1 n t ermed ia t e compound. The most ÇmblC 
would he qUlnol ither or compound IV - 7 (equatlon 

exptanatiO:1 

IV - 17). 

l: 

- i 

/ 
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+ ~~~3o>-Cl ___ ~~_ 
Cl Cl 

Cfr C,,~O 0 Cl 

Cl 

lV - 6 J..V - '1 • 

Cjg-_ Cl" 
+ • 0 0 O-Q>- Cl 

'Cl Cl~ 

rurtuer reactlon of thlS unchar,acterized lnterrnedlate even-
'.' 

tuallv leads to the final reaction products. Atternpts to lSO-

ta'tc tnls lntermediate by chemlcal technif'Jues nave Deen un-

Si.lccessfu~. Tne existence of the unoharacterized chroQopnore 

:rresentlv precù.udes detai1ed kinetic analvsls of tne spectro-

:\ ~llotoT:lt!tric 

;~ 

curves. 

<lt the end of reaçtion 

dlScussion. 

Tie anomalouslv high absorbance 

wilJbe accounted for later in the 

o 

, , 
E~~ctron Spin Resonance Spectroscony Results 

Th~ observation of phenoxv raJl-, 

cal ùuting the reaction is of paramount lmportance in con­

flr;ning tne mechan'ism outlined above. TS~. et a1(42); 

cV - J J 
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nave already rerorted the observation of a phenoxy radical 

signal at g = 2.0056 during the decompositlon of tric»loro-

ohenoxo-hexamethvlphosphoramide-copper(II) in the SOlld ~tatc 
,,~ 

~I t 

This signal occurred on the high-field tLlll of tile 
J 

nhcnoxocopoer(II) complex, reached a maximum intensltv ln 

ahout 25 minutes, and slowlv diminished bv 140 minutes. In 

tne ;')resent work, compound IV - la, was decompo'5ed ln tolucne 

ln a ~uartz tube at 1000e. 

The decompositlon of IV - -:'a 
'J 

featureJ the decav of the somew~at symmetrical phe~oxo-

copper(II) absorption to r,ive the asymmetrlcal sl~n<"ll o( 

prCClpltateo py~Cuel , IV - 2. At this stage a 
'- 2 

,-r-

rer,ularitv was detected at the high-field tail of 

canner(rI) signal. lhe signal level was lncreased in 

rf'gion revealtng a weIl defined singlet a,t ~ = 2.007 

contlnued to grow in intensity pver an additlonal flve notlr 

nerlod. 

of 

at 

A comparison of the deCOT'lOOsltior. 

nhenoxocopner(II), IV - la, 
1 

at 1000e taken photometrlcally 

-1 
22,500 cm with the for mat ion and i ne r e a s lb -i n con c en t rat ],.0 n r 

of phenoxV' radical ls shown in Figure IV - 1. Compound IV - LI 

,nas clearly dà:omposed almost (;'ompletely long/before t ner e 

~s a aetectable Quantity of phenoxv ra4~cal. 
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Figure!; IV - 1 
.J-- 'il' 

C 0 m 'j9.a r ~ son of the Rate of Uecampos1tio~~~f 

V' 
Cô~ Pv 2Cu (TCP)\, in Toluene at lOOoC and t'-he 

, , 
p 

0 

-
Rate of FfJr~tion of Phenoxy Radical ,. 
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Tsuruva, ~t al(42), reporteu tne 

gradual dlsappearance of the phenoxy radical signal. A second 

decomposltlon of IV - la was performed in benzene at 70
0 e lf: 

the presence of a trace of carbon tetrachloride (tne effect 

of carbon tetrahalides as lnitiator will be discussea helo .... ). 

lhlS nermitted an examinatlon of complete reactl.on over a 

<; no rte r t lm e p e rio d p, 1 t wa s fou n cl, a s w 1 t h T 5 U r u va, _e_t_<1_1 (1 • .:: ) \ 

t!lat the nhenoxy radical signal quicklv reached a maXl~U" 1;:- ) 

renSltv then slow1y decayed. Indeed, after flve uavs at 
• , 0 
l. l' J '-, 

tne\lnl.tlal toluene run showed no apparent pnenoxv sIgnal. 

t 

~ lm 1 1 arr e s u J. t s w e r e 0 b t a i n e cl.. b Y ~ a h 0 n e van cl loi e i n e r ( l 0 3) for 

tne oxiJation 

S l <; • 

of 3.5-dJ-tert-butvlpnenol 
-- \ 

to dimer DV n'lotolv­
~ 

Other than actual detectlon of a 

the slngle most important ohservation 
L-. 

ior a mechanl.stic investigation is that this sq~nal .... as not 

apparent until almost aIl of the phenoxocopper(II) connlell. 

nad Decn consumed. If one assumes a ranid attack'of phenoJ\.\· 

radl~di on phenoxocopper (II), IV .:. la. eQuation 1\' - 1~, .'lnc..1 

,"1 slow equl.libration of quinol ether, IV - 6, '''lth pheri'oxv 

radIcal, equation IV - 19, then a more precise interpretatlon 

of tne spectra can be m~de . 

. " 
/ -- . 

/ 
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CU~~~~Cl , 

cY 
C3o>-° ·0 0 Cl 

Cl 

fast --«i
l 

Cl 0 (; Qr.J 
Cl "" ==0 

CoL - r-
' ..... J 

IV - la 

~
Cl -

Cl 0 0)QCl 
. Cl 0 

Cl - Cl 

'0, 

1. j 

As soon as phenoxy ~aa1ca1s are 

, 
~ , 

~~oaucea bv cquation IV - 19. they react rap1dly wlth pnenoxo-

copper(II) geno..qatin g qUlnol ether, equatlon IV - 18. [(eact.;.on 

IV - l~ 15 thd 1nitiatlon step, while reaction IV - 19 15 " . 

tnc raulcal chain branehlnp, (autoacceleratlon) step, 

t" 

\ 

Cnder these conditlons; the steaJv 

state concentration of phenoxy radic-al i5 insufflcient to D'e 

Jetectèd by clectron s~in resonance spectroscopy untll al~ost 

a1.1 of tne phenoxocoppel'-(II) complex 1s consumed/ nuinol e(ner. 

iV - 6, seems to be the most likely candIdate for tnc lntcr-

ffiedlatc cnromophore. Once most of the phcnoxocopper(Il) 15 

~one. tnc phenoxy radlcals equilibrate and bUl:Ù up ln con-

~entrat10n so as ta be detectablc by electron spin rc~onance 

-' • 
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s~ec[roscopv. Coupllng takes place to produce polvmcr ana 

phenoxv radiC~ signal slowly disappears 

CLficd termlnatlon, equation IV - 20. 

by sorne unspe-

Kopy1ov and Pravednlkov(39) ndVc 

<.!Xd:r.Lncd the tnermal decomposltlon of 4-bromo-2-methvl;>rJenu-."-

CaDrer (I 1), IV - 16, ln 

"pectroscopy. Initially. 

pyrldlne, bv e1ectron spIn resonance 
i . 

n r 
these authors noticed a decrea~~ 

,1 n t en 5 1 t Y a f the or 1 gin al p he no x 0 c 0 pp e r ( 1 1) sig n al. Th;. c; wa s 

not accompanied bv a corresponding formation of a phenoxv 

radlcal, equation IV -,21, as hoped. 
1 , 

, 

-Ô-
'Ch

3 fI 
'1r 0 0- Cu'" Cl B~~~: + 

;. V - 16 

~ 

CuICl 

Prolongea heatin~ resulted in a,copper(II) spectrum of apDrox-, 

1;") a t ~ l Y t ne sam e in t en s i t vas the in i t i a 1 an e. The s-h-a-Ti Cf 0 f 

t:ll<; absorption showed possible 
~ 

l , , 
indication of the overra0 of 

t'NO sï~nals; the narraw singlet of the phenoxv radIcal surt.'r-

Ii'l'lpo<;.:>d on the hroad ahsorption of cOT'T'er{IT). t:ith t:11<; 1-1-, 
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formation, they postulated the mechanism shawn 10 Lqudtlon<, 

1\ - ~2 to 25. 

• J -

~Ii. 
~!i Br 0 0)o~~-; .~r 0 0 ~ t":::.., 

'" .- Br 
IV - 17 

C..l..L C1 + l V - 17 '- Br~~3 ~: + CuIlCIC --Ir) 

-:: r 1 V - ~) '\., • 

~CH3~CH~ 
~,_ ' Br\Q;-o-fro"'F(~~ 

~ Br~ 

Since no definite phenoxy r3dlcal 

.was ohs!,?rved, especially in the initia} stages. it was as,>umed 

, 
tn~~ reaction IV - 23 must br proceeding very rapidlv. The 

; 
rate of dlsappearance of th~ phenoxocopper(II) signal in-

d~~ated that reaction IV - 22 was also rapid. Since anv re-

a c t l o,n s • à f ter l V - 2 4 c an ber e g a rd e d a s r e Tl e t i t ~ usa f l \' - ~ J 

\ 
) 

\ 
, . 

\, 
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illlU I\' - 24, It was concluded that reaction IV 1.., 24 was 

tilt' raté controll ing step. 
, 

The lnterpretatlon of the electron 

spIn r~sonancc spectra for the decomposition of trlchloro-

:11 .• ·noxocopncr(II)" ~~, 1s ln a~reement Wlth mechanlstlc 

:.:1'1101:''' for tne sflcctrophotometrlc results at 
-1 

LM 22, ') Of) 

...:, ,CU"qI'Ù ln equatlons IV - 13 to 16. It lS (,Vlùent ln :)ot .. 

~ 1 l' ~ ~ .:: a <; est ha t t he e qui 11. br l UM he t w c e n qui no let ne r a ri d il 

) 

~~:r of rn~noxv raJicals, cquation IV - 19, nas a profJJn~ 

l.~~:ut'nCè on reactlon rate. The nalogen atom transf~r stl':', 
~ 

er.L..1tlùn 1\ - 24, proposed bv Kopylov and Pr.:lVednlkov(3Q), 

7.av, or ~av not, be as important ln deterrnlninr, tnc r..lt~. :-'l.' 

~~c~anlS~ of reactLon 1.ntefpfcteù froM electron spin rcson-

nnCL ~Dectroscopv and spectrophotoMctric analvsls lS summar-

lze~ ln cQuations IV - 26 to 31. 

IJ 

c~ 
/>fJ Cl 

Cu" ci, 
""O--O-Cl CJ..r 

Cljo)-
: ~ C) Cl 

Cl. SlO\\ 

0-, 

IV - 4 

Cl 

Cl~~'v=<~~ 
Cl~='(Cl 

IV - 6 



- 180 -

Cl~_~_.~~Cl 
/0 0 Cl cY 

~I Cl fa~t 
1 :l,CU Cl • 

~04Cl ~ 
C1Y \ 

C3X~*Cl 
O· c-y,' 

I{ Cl - Cl.' 
Py ,?CU", Cl 

OL~.Cl cyr 
IV - 1; 

PY2CUI_~~ Cl 

c;J3 
fast -<Of 

Cl -

+ Cl 0 Gje(_ Cl 
Cl '=0 

Cl -- ,-.0 
v ... 

IV - 4 l 'J - L 

• ~~ k - - - -.~~- Cl 
/vIP-Cl Cl):=:!! 

C 
:;'1 Cl 

y- ~ ~ 

. " fast 
Cl 

Cl, CjXO -\Q>- ~: 
O· CL/' 

/ - ,,-

Il Cl U 
.y,Cu 

L "'Cl 

IV-l-_ 

IV -

..1. "'1 -

IV - 9 

. 
The relativelv sloJ~dissociatlon of 

1 

r, U l no 1 e t ne r, e qua t ion 1 V - 2 7. ha s b e en 0 b s e r v e d b v \: a 1'\.0 ne '1 ( 6 3 ) . 

-.:. h e f a c t t ha t rad i cal s b u ~ 1 d u p 0 n 1 y ~ F_ TER 1 V - Li ha s t.I i 5 él 0 -

~cared proves that radical dimerization is a1so slow compareJ 

Ln IV - 28 and that virtually aIl quinol ether ar~ses from 
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InduceJ Jecomposition of phenoxocopper(II). 

di) Existence of ~4-oxocopper(II) Complexes 

The dihalocopper(II) precl~lt~te. 

IV - 2, resulting from the decompos1tion of tr1chloro-

phenoxocopper(II), in benzene, was found to De admlXCc... V'lt.ï 
~-

nprroxl~ately 3Z total yield of Roiden, needle-sn~oea crv~-

t a l. s. T Il e s e a na l v z e d a s P v 4 C u 4 C l (, . 0, l V - l 9, n v ,\ - R il V .1 n a l -

VSIS, Infrared spectroscopy, 9nJ molecular "lel.g.lt ùata .... L' 

" 
CXlste~~e of these crystals "las 1n1t1311v bell.eved to 

t 0 l '" r uri t i e sei t Il e r i n t n est art i n g mat E" rIa 1, 1 \' - la, 0 r ~" 

a <.: ven t l t l 0 U S wa ter. A s are 'i u l t, the y we r e a t f 1 r s t l,' n 0 r e J . 

dowcvcr, 1nterest was revived "lhen it was discovereJ, ln tlll' 

Investl~at10n of solvent on the nUMber-average molecular .'Clf;.lt 

of polv~cr, that ln cumene as solvent, aIl of tne conner-con-

t a 1 n 1 n g r e a c t Ion pro à-uc t wa s l V - l 9 and no t l V - 2. Fur t TI t' r -

~ore, when the decomposit1on of IV - la "las carried out ln 

henzene as solvent, but in the presence of an excess of 

l, y J r 0 ? e r 0 x 1 de, the pro duc t co P p e r c 0 m pIe x "las m 0 s t 1 v l \' - 1 Y . 

' •. le deCOmpO'iltion of phenoxocopper(II) using to1uene as 50:;'-

vent resulted ln a reaction product mixture contrtlnlnr approx-

Imatelv 157: IV - 19'. This gold co10ured ~4-oxocopper(II) com­

-1 
plex absorbs sli~htly at 22,500 cm due to the ta11 enu or 

an ultravIolet band, offer1n~ partial ex~lanat10n for tne 

1 
f' 
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"straw" eolour of the final solutIon and the flnlte aosorp-

tlon at the end of the spectrophotometric decomposltlon qtudv. 

',' 11 S fIn l t e ah sor p t ion i s al s 0 'd u e som ew h a t t 0 the ta 11 0 fan 

ultraVIolet absorption from polymer. 

The trends observed for the ùcpen-

dence of vield of -#L4-oxocopper(II) on solvent stronglv 1001-

cate tnat IV - 19 was a product associated wlth solvent 

autoxldatlon. Autoxidation, shawn in equatlons IV - 3~ anG 

)4(113), i5 preferred in cumene as opposed to toluene(li)-l:~), 

.:1 n II 15 1 i k e 1 V non - e x i ste n t ln b f' n zen e ." Til e r e sul tIn g il V t1 r 0 -

pcroxlàe, IV - 20, can then decomnose to r.ive an hvdroxvl 

r ,1 J l cal, l V - 2 2, a SIn e qua t ion l V - 3 5 • 

R· + 1:1 

-----

, 
.\V\...J~J - - ~O· + • Oti 

',' [,e re 1\ :::: for toluene 

for cumene 

... 
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In the case of react ions in benzen<', 

tne small amount of PY4Cu4C16'O produced,possiblv resutf; 

from dlrect reaction of a copper(I) species with mo1ecular 

oxvgen, perhans along the llne suggested bv Finkbelner .. t't'~l~ 

" 
(31), shown .tln equations IV - 36 and 37. A distinc-t, t'odour O~-

nvrldine ln tne solution after decompositlon he1p~ support 

ttilS proposal. 

i:; ,culCl + 1/) 0,) 

~V -

. y.,CuCl ·Cuo + ., :JY2CuCl,? 

lV'- 2 

IJY4CUl-/CIC·O + 

IV - l 1 < 

,y 

The m ost 1 i k el v f 1 r s t ste r in t fl,e 

-, -

'. _ v -

ûeconposition of phenoxocopper(II) is a homolvtlc dlssOclatlon .. 
as shown ln eQuatton IV - 38. Apparentlv this reactlon does 

not occur snontaneous1v, but may be induced bv such speCles 

as oxvgen, radical initiators and carbon tetrahalides (cf. nre-

ceedlng section). If coprer(I) intermediates are produced ln 

tne decomposition, they will be subject to competitlve OXl-

ùatlon elther by pheno1-derived oXldants, as shown in CQuatlon 

TV - ~Q. or Dy added Initlator species. 

------

. , 

Ch 

cuLa --fë5\..-Cl C1r 
Cl-

+ -ü-<Ô>-Cl 
Clr 
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r.l Cl~~4Cl __ ~~_ 
vU + 0= Cl'}:=!! 

Cl - Cl -

Cj9rC1jg-
CullCl + -0 0 u 0 Cl. 

Cl Cl 

Oxidations, as in ,quation IV - 39, 

wlli eventuallv produce IV - 2, Out introduction of an oXlde, 

/ 

or nvdroxlde, liRand during oxidation bv oxvgen, or hvdro-

peroxide resulting from the autoxidation of ~olvent, Will 

proJuce IV - 19. 

The form.ation of compound 1\' - le; 
cl 

as an addltlona1 reaction product in the decompositlon of 

~~ contradicts the exact stoichiometry of eouatlon 

IV - 1. su~gesting an a1ternate overall reaction schc~e 

~nown ln couation IV - 40. 
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,. 

The much ~reater reluct~nce of 

1\' - le to viltld a 114 -oxocopper (II) complex i'i presumably duc 

to the lower reactivit~ ot bromocopper(I) ~pecies towards ox-

~dation, and a greater selectlvitv'with respect ta the appro-

p ;'" -
vrlate analogue of reaction IV ~ 39. Bromophenoxocopper(II) 

co~~l~xes dpcompose much more readlly than their chloro-ana-

iorues and this presumably"reflects a greater facllitv for 

rC3ctlon IV - 38. 

Both IV - Ig 

;~cult to uecompose in solutlon, and ln the ~~sence of 0~-

vgl':1, or hvdroperoxides, Vleld lntractable proJucts. It St.'C";1<' 

very llKPlv that the neutral 11~apds become lnvolvcd ln ~n 

autùxldatlve sequence in these cases to givc polymerlzec L(~'­

-.lLoxe", ilS products. The decom)1osltlon of IV - 19 in the rrc-

St.·nCè of CCI
4

, althour,h probably still a rad 1 cal c n a l n 1) '(' o-'r 
1':1 ' 

,-' 

cess, aoes not involve oxygen and side reactlons of tne IlPJnJ 

are les,,> serious. [thylamlne complexes of copper(II) arc 

oftcn oxiaatively urrstable(94). " 

./-;, 

The '~~ - 0 x 0 co pp e r ( l 1) co m pie x es 

contalnlng triphenylphosphine oXlde, dimethvlformamlde and 

clmcthvisulpnoxlae were also successfullv prcparcd. AIl of 

t~~ Il,-oXO compounds obtained in this work, with tne èXCCP-... 

:~on of tne one containlng ethylamine as neutral llganu. have 

\ 
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Cl 

been reported previously(76,78,82,94) •. ''f.heir structures have 

hcC'n establ ished either crystallographically, or by infrar~J_ 

spcctroscopy. in the region of 
1" -1 

581> - 516 cm . 

It ~ppears that the deco~positlon . 
of nalophenoxocopper(II) complexes may providc a falrlv rcn-

, . , / 

""ral r~tc ta the preparation of 1l4-oxocopper(IJ) Jer~vat1'll':i. 

, 
the two exceptional clrcumstances seem to bè: 

a ) when the neutral ligand i5 sensltlve to attacK bv 
[ " 

frce radl.cals, ·and 

n ) when the neutral Ji~ând is weakly attached. 

iv) Effect of Free Radical Initiators 

The a d dit ion o.f p e r 0 x i cl e, h v cl r 0 -

peroxlde or azo free radical 1ni'tlators to a solut-ion of 

rpenoxocopper(II) greatly enhances the decor.J1'losition r;1te, 

F u!ure III - 27. The effectiveness of nonhvdroperoxlde 10-'" 

lt~ators follow6 their 
1 • 

ease of 'decornposition and no inltl:1tor 

fr;.q::menti!;,"appear ln prpduct copper complexes wltn c;uch 101-

tlators. This. fAvours the hypothesis th~t théc;e 101tlat.j'hs 
b 

functlon bv rapid attack in coordinated phenoxlde. as ln 

cCU.~ t 1. 0 n IV '- 4 1. rat h e r t han b vat tac kat con p e r . 

-
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Cjg>-CU1~O 0 Cl 

Cl 

+ R-

o . 1":_ 

C\·N1 

X 
Cl R 

l. V -

l V - la 

~uhseou~nt 1055 of these 1nitiator fra~ments woula regen-

~rate Inltlator racl1cals and ~roduce phenoxy radicals. ~nltc 

has llctected Inltlator fragments on the J:erminal rIng'" of 

o l l gO mer s r r en.:l r e cl f rom the o'x id a t ion 0 f 2. h - cl 1 met :\ v l ;1 ne n 0 ~ 

W 1 t fi Il en Z 0 V 1 fl e r 0 x 1 de as 0 x i cl a n t s ( 2 3 ). :~ 0 1. n i. t i.1 t 0 r f ra g -
- , ... -

:71ent5 were detected in the polvrners prepareJ for tnls t lec,l!:>. 

The nature of the copner reactlon 

;"1 r 0 duc t s, .' il [) leI l t 

DV attaêk at copper. The extr,emelv r?\pid dccomnosltlon ratt' 

of tricnforophenoxocopper(II) ln the p~e~~nce of hvdroperoxlùes. 

a,~est 1>y the very ranid fall 'n absorbance ,n ,"guce 

III - 27, are out of lirie with their ease of hOMolyt1.~ ùlS-

!:>OCldtlon relative ta the other iniLiators examined(l~~). ~t 

least two plaus1.ble explanations for 
. 

the 1 n 1 t i aI r a p 1 cl r c -

actlon of hvdroperoxides present the'lIlselves'. On the " one nanti, 

a'Slnrle acid-base solvoly~is of phenoxide bv hvdropeDoxlde; 

e~uat1.on IV - 42, mav lead to raplcl reduction ln tne sonceri-

tratlo~f the copper(II) phenoxide chromophore. 

" 

J " 

l' 

, 
, J-
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1 Cl \ 

CUilrO-frC11+ 

\ Cl j 2 

ROOH 

Cl 'Cp-
c~ ., 

...... 

.co/ -

un the other hand, a rapid electron transfer reactlon ":1ilV 

cau 5 COX 1 d a t 1'0 n 0 f c 0 Tl P e r (1 1) a c cor d i n g t 0 e <1 ua t 1. 0 Q, l \' - 4 J . 

• 1/ -

In c1.ther case, ~he corper CO":1-

"lexes nroduccd are unlikely to have a signlficant Ilfetl,c " 

and would ln fact decav to a common pl'J?duct, givlng t;je ovcr-
,- ~ 

.::11l 'itoichiometr-y of equation IV -'44. 
'. 

1 ) 

1 Cl 
- 1 1 Cu~ ,09-Cl + amu 

\ Cl ? 

Cl 

C140ri 

. ~Cl 
JI# 

+ RC • 

, 
Since the ~4-0KO-~-hexahalotetra-

t ne re-c~flPer(II) nucleus has the stoichiometry 3fuC1
2

'CuO, 

actlon of IV - la w'th hydroperoxldes, as exempllfied bv 

èquat1.0ns IV - 42 to 44, cannot he oC,currlng to the excluSlon 

, , 
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of the reaction in equation IV - 45. It is clear that a great 
, , 

cl e a lof ad dit ion éf l, in f ci r mat ion i s r e' qui r e d b e for e a de fin 1-

~ tlve understandIng of these reactlons ls achieved. 

CU.L 
+ C14~~Cl ~Cl =0 

- Cl - Cl 

_~>-_CuIICl + .~~'>o- ~~Cl 
cYcY IV- 4~ 

• 
Sin~e both toluene and cumene can 

be autoxldizeJ tQ nydroperoxldes, much of the chemistry dlS-

cussed ahove can he applled to these solvents. Both solvents 
(\ 

gavé more rapld decornOosltlon of phenoxocopper(II) than ben-

zene as solvent, a~ shown ln FIgure III - 18. ilenzene 15 not 

e x r e c t 2 ct t 0 au t 0 x 1.,,0 i z e. bot, toI u e n e an J c U in e ne r es u l t e cl in 

ct greact'r 'field of 1.I.
4

-oxo Lomp1ex, IV - 19. Cumene naa tne 

Most d:aMatic effect, and curnene would he more readI1y autox­

• Idlzed than toluene. 

wl.th succeSSIve 

as fre~ rad1cal 

The reductl.on of Inductl.on perlod 

IncreaSi~g concentrat16ns of be~ peroXid: 

initiator ~ddltive supports the findlngs. 

"reported ear11er l'n the dIScussion, for a radIcal chal.n mecn-

anlsm. The high levels of inItl.ator requircd reflect the 

siowness -of the chain propagatl.on ,processes, compared, for 

.. 
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l n s t a Il C, e. t 0 V 1. n vIp 0 l Y mer i z a t i 0 0 • 

..... ' 

v) ~o1ecular Welght Data 

.. ri 

SOfTle o~olymer molecular wel.gnt data 19 

sun ë1 a r l " P d 1 n T .1 il leI \' 1. from tlliS. ah weIl as from Flgures 

l. Ii - .. .t no 1 i l 

L ' 
u. nolvmer growtll clearlv proceeJh hv a 

t.i .. t c,llo'"n ln FIQ,urc l for 2, rI - J l P1 C t li vIp Il e n 0 l • 

Flgur~s III J anJ III (> S IlOW 

1 

.1 .no l ec u la r cO:'1p.1r 1.<,011 of ueCOmpO&ltlon rate 

,..--."'C11;:lt. jt 1':> OOV10US tllat ""lolvmer growtll contlnues lo.a' 

,1 f t l: r i J.;. 0 f ,t 11 C '1 n " no x 0 cor l' e r ( l 1) (. 0:"1 pIe)" II as he en Je c 0 T'1 -

i' 0 <; ~. tJ. :' 11.11 l arr C ." li Il s wc r e 00 ta 1 ne u for t 1\ e 0 x l d il t l. V e cou r -

1111f, of 2,'O-1l1metllvlpnenol(27), .1<; snown le i:'igure IV 
'), 
... . 

'~'aL extent of rcact 10n, 10 tnl~' .C:1se the oxidatlon of phenol 

conner (1) salts, \15 measured 
\ 

by oxygen con-

& U :7\:1 t • 1) n. .. ; Ils W a ~, T) 0 S 5 1 n les l n ce, f rom e qua t l 0 nI' - l, i t 

.1. S c l. C ,1 r t tI ct t t net 0 ta l a i'1 0 U Il t 0 fox y g en con s ume d a f ter 

c0-~letc reactl0n 18 propOrF10n.11 to the initial concentra-

t l a no: :2, h - Co l ~I e t il vIp h e n 0 1. 1 h ete r m'l r cac t 1. a n C 0 m p 1 <: t 1 0 n . , 

ln oota C.:i<,CS 1:'lr11èS a sta~e Wllere after dramatlc change ln 

oxv~en ,::orLSUnptlon or Ylcld of copper(II) prCClcPltate, IV - 2, 

.î relativel\' stahlc pOlnt lS reacheJ . 

.. 

''-----



~olvent 

Ilenzene 

lJenzene 

benzene 

benzene 

Denzene 

benzene 

nenzene 

bcnzene 

nenzene 

ben z ene 

oenzen..:! 

~) t.= n L. cne 

't 01 u ene 

cumene 
1) 
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TARLE IV 1 

Lff~ct of Varlous Parameters on M 
n 

(Reaction Temp. 70 D
e) 

Cane. (g / 1 ) Reac t ion tIme (hrs. ) 

JO 2 

50 2.5 

SO ) 

JO 4 

5 () 6 

50 12 ' 

50 24 

50 48 

-~ 

40 48 

30 48 

20 48 

ln 4J3 
;/;, 

50 ~ "'ï~\,~".l4 

50 24 

............. 

11 x 10
4 

n 

y ". 
0.8 " 

, .. :Jl ..... J 

)'.4 

4\ 1 

5 • J 

6 . 1 .... 
6.9 

7 .9 

7 • (J 

J 5.9 

4.6 

2. J 

3 • 9 

1.3 

" 
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figure IV "\ 2 

Between Oxygen 0pt,ke and Ylscosity 

; 

of Po in tne Autoxldation of 

2.6-!)lmethvlnhenol wlth Cu(I) at R'oom· 

Tempera t u~t~_ 
-... 

'-. 

'-
~ .. 

\ 
~,.~ J 

* Rep~~duced from R~ference(21) 

---

' . 
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, 
l)otll spcctrophotometrlc and electron 

anv S P l n r c son a n c e ~ p e c t r 0 <; c 0 pys t u J1 t' s h a v C con c l u d e d t Il a t 

i1110nnXV r:lCllcals wlll Initially l,mduce furtller decompos 1.tl0n 

of pnenoxocopper (II), efjUatlon IV ~ 18. Although carhon-

oxv?-cn counllnr. can ne oc~urrlng. thlS reactlon lS slow com-

nar~~ to IV - lH. !:.xtenslve \101v'"1er growth would not oe appar-

l'nt untl.L most of the phenoxocopper(lI) tlas heen consumcd. A 

compéirison of results ln FIguree; l - land 1\ 2 for 2,6-U1-

rnctnvlnnenol InQlcilt~ ~iml13r results. In FIgure IV 2. t 11 c 

two Ch[re~e reaUln?S for IntrlnSIC VlscoSltv at reactlon times 

o f J;) 'T; l nu tes a na::" 7 5 :o. Ir. ut ct> art.' al 'i 0 r e pre 5 en t e cl a!:> t Il C 

f 1n.11 ~wo rea<l1nr,s ln l . lt 15 qUltE' clear 
'\ 
ln t01S 

rCaC(l,)n that extensIve polymer ~rowth does no.t occur untll 

:iost O" tnE' .,nenol 11.1,5 r>een oXla lzed hv corppr (II). 

The re:atlonsnlP between polvmer 

mOl~culilr welght and phcnoxoco?per(II) concentratlon, snovn 

1 n :' l g urt.' l l l 17 and repret>enteJ in equation IV - 46, 1<; 

~ot un~erstooù, ana necessltates further investigatlon • 

.. 
, 
n 

r ] ~ k LP v 2 C u (T C ? ) 2 . IV - 4fl 

IlO\.Jl!Ver. '~ne Qicuare root llenenClency of phenoxocopper(II) 
-. 

concentr~tlo~ ln tOLS relatlonsnip nerhaps reflects the gen-

erat!on 6; two pnenoxv ra1l1cals fr~rn each molecule of IV la. 
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IJe.:Illy the plot shoula pass through the Intercept. 1ill' fact 

that It unes not, can be'explained slmplv bv errors ln the 

(>xnerlmental values due to leaka~e throu~h the membrane. Gnder 

tnes!' clrcumstancec;, the resultln~ values are hi;:ther ~han the 

recognized true values. 

The flnite val'ues of polvmer mol-

ecular welght, rather than the vdlues expectcd by the exact 

~ t 0 1 C Il 1 0 met r y 0 f E' qua t l 0 n s l \' - l 0 rI\' - 4 (), c a n h cac cou n t e d 

t or Il\ 
" . 1 b f.' - • eC!Ul 1 ratIon ot tn~ carbon-oxygcn cou';)lln?- 'iteps. 

Obviouslv, conslcerable rec;earcn 

nL'~(I~ to :lC conJuctcu on tlle nUl'1tocr-avera~e molec'ular \o,'Cl?,tlt 

of ;>01'1:::(:rs rcsultlng [ror.. the decornpos1tlon of 1\ - la, ln 

o r ü ..:: r t 0 J te' ter f"1 l n e l Il e l r <l c pen den c e 0 n r e a c t l. 0 n con LI l. t ion s 

a n cl r ~ 1 C v il ne e t 0 t:1 c 0 ver aIL :n e c t1 il n l sm 0 f r e a c t l. 0 n . 

Vl) "Tranpcd" Pnenoxv Kadlcals 

~ne ~resencc of a falnt elcctron 
• 

qn~'I"'~tr ~~~gL'sts t ~e e;,lstence of trapped" phcnoxy raC:.l.cals. 
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l [1 l', 0 f f L' r S il J J 1 t lO na l 5 U P po r t for t r e e q U 1.1 i br lU m cha ra ete r 

of tne carnon-oxvgcn coupllng steps, as reported in Sectlon 

1. 'lhc presence of t:lese "trapped" radicals would account for 

the ratner hroad nuclear magnetic resonance ahsorptions of 

n01jkcrs resulting from the decomnosit1.on of IV - l~. Tsuruva, 

~~(42), reoorted th~ eXIstence of a weak, complex elec­

tron 3Pln resnnanCe signal WhlCh remAined unchanged for sev-

t.'ral davs for nolv:n.er prepared froM trichlorophenoxo-hcxa-

met .• vl.,hosphoramlJe-cop'ner (Il). 

VII)· Summarv of ~ec~anistic Results 

... 
A summAry of the overall rnecnani~m 

15 s~,ol'n ln t'I'luatl.onc; IV - 47 to 62. Eouations IV - 47 to 56 

GC5ctlJC tne JecompoSltlon of phenoxocopner(II), IV - la, ta' 

fi II ~ r. 0 x v ra <.l l'é aIs .3 -n ù COi" P f! r r e a C t ion pro cl u c t s, l IJ - 2 and 
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l)eC).1pu:,-Ll-l-on of ,nenoxocopper(ll) 

Cl" 

oOyCl 

Cl . 

" 

1./ - 3..! 

) 

'-

" slov. 

~I 

rY2CU~~P-Cl + 

... Cl 

Cl'7:= 
·0 --<0)- Cl 

CI~ 

IV - 4 

C30f ~~P<~l 0 Cl 
Cl .Cl . , 

IV , - ') 

Cl, 

CljJ(o~Q)-el 
O· Cl 

/' -
Il Cl Cl 

l)Y ~Cu '" Cp--
'0 0 Cl 

Cl 

i.V - 1.< 

}'Y2 CUI ~~c5'- Cl e;Y 

Cl"r--. 

+ ~~'n(~)Q\-Cl 
Cl)-l"'-Cl 

=- V - 4 IV - 0 

i.V 46 

iV - \ 
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Cl, 

c~~o--<Q\- Cl 
0_ _ Cl)::::'l 

Cl 'Cl 

Cl, 

,"1 )Q>-lYZCU-(j 0 Cl + 

Cl -

i V - 4 IV - 6 
~v - 7 

\, ... lV - )1.. 

l'l - -,") 

1'1 - 1) 

·V 

J. V - .J., 

"TV - - 9 
IV - G 

LV - ') 

Cl . 

+. Cl~ / O~>-Cl 
0= ~J< Cl~ -_ ..... .,-

Cl C~ . 
/ 

lV - ~ 

" 
IV - 6 

IV -

, 
\ 
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- ~ IJi) 

? !'y')Cu"'Cl + 1/2 C-, 
L 

. lV - ') 

. y ,euCl :CuO + 

. . 

) 
L 

!", .. 

~) j)Y ~CuCl ':J . '-

l V - ,-~ 

» d C1 

+ Cl~.J. 
-Cl 

• 

C1WC1 

QJ 
r- ~ -"'1 

- -----=:... ,--

o i 
Cl~ lCl;~ 

~ LI, J n 
Cl 

l V - .:t 

..., 

PY4Cu4C1G'O + 

'IV - 19 

2. :)y 

,- -
1 /Cl 

Cl-~: t~} 0t>Q'n - Cl l ,. 
, ClJ -=- ° 

'- Cl - Cl 

~V - 24 

J 

... V - .'-T 

,; 

, , . 
\1 

J V -

IV - , '/ 

IV - :r, 

.. ~­-

", e 

\ 
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rearrangement 
r -: 

Ch 'Cl 

.o~ o--@-- Cl 

Clr _ Cl) _ !"1+n 

i V - )'Jo 

'. IV - 29 
• 

l V - ~'? 
-- ---=::::... 

, j' 

\ -
Cln ~ Cl" 

• 0 - <Q;-1 0 fJr- Cl 

Cl~ Cl m-l 

LY - :/' 

I,'l( + 
eq Û-l.L.l.. ,)N.l. t :Lon 

f .... ' 

1 
, " IV ;il 

• 

? 

\ 

!: C~vdOO , __ ~l~_~ 
Il 1 

~--- r Cl._) .. 
~V . - )-

IV f 1 

• 'le r:-:J;.;.é1 t lO n 

Cl 

,/~r 
, /~o~~ 

Cl 
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IV - 19. Adà..ition of free radical initiator~ strongly en-

hance this stage of reaction, as reflected either ln the rate 

o 

.of decomposition or in the copper reaction products. ~quations 
.. 

IV - 57 to~61 represent the chain growth sters. These steps 
./' 

are identical to those summarized in Section 1. Polymer 

growth continues long after all of IV - la has bcen decdmDosed. 

Branching, equation IV - 61. occurs bv attack of phenoxv rad-

~cal at the 2,6- po~itions. Ternination results either bv 

eoulLibration, leaving,a terminal quinol ether, or pv dioxin 

fQrmation, equation IV - 62. 

" 

'Tv· ---3"-' Car bon Tet ra ha l ide as Init~ator 

The increase in vield of 
,_ 0 

. 
Il -oxo-

4 

-copper(II), IV - 19, from the decomposition of IV - la; ln 
~-

'the presé~ce of hydrop~roxidas, could poss~bly result from 

the r e a d y for m,a t: ~ 0 n 0 f a c 0 p t; ~ r ( 1 1) h y d_ r 0 x id i l' n ter m e cl 1 a te. 

IV - 34, equatio? IV - 63. 

l n 

Cu + ROOIi 

Unfort;Jnately, 

complexes • .., 

.. 
RO • 

IV - )J.t 

i t 'loi as i m p 0 S s· i b le' t o. i sol a t e a n Y' in ter me dia t ~ 
o 

, . , . 

" . 

IV - C3 
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Carbon tetraha1ïùe ~s known to ., 

react wlth coppe'r(l), 
, y 

resulting in copper(ll) na11de and 

10 \. -_ .. 

clrnon trlha1ide radlcal(J05,106).' eQuation IV - ô4. 

- " 

;so C 1..1.. ex 
U li. +. ': 

Cene~a~lQn of dtbromocopper(II) durlng the decompositlon of 

trlchlorophenoxoçopp'er (II), IV - la. 
" 0 

, 
ln the presence of car-

hon tetrahromid~. would sugRest the extstence of copner(I~ 

1 n ter JTl e cl lat es. 1 t \.,',0 u l à a 1 s 0 0 f fer som e s u p !1 0 r t for r e a c t 1 0 n 

IV - JO. Inùeed, tne 3adit1.on of a 10:1 molar ratlo of car-

bon t e·t r a n rom 1. ci (> t 0 1 \' - 1 a. 1 n ben zen e, r e sul t e d t n a 

seven JTlol~ per cent 

actlon product. 

" ' 

product1.on of br~m1.~e 
~ . 

.. 
1.n the copner re-

L n è x p e c 't e d 1 y, the a ù d 1. t 10 n 0 f car-

. 
hon tl'trahal1.de to la Solutlon of ;>nenox'ocopper(II) gre,atly 

f' 

cnhanced\its decomposit}on. 
• 

--;,-

~n interpretation Qf 
cP 

1 S S:l 0 w n 1 n e Qua t lO n s l V ~5(O 67. 

o 

• 

these results 
(\ 

o 

", 

IV - 64 

) 

• 
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CBr. 
, ~---

Cl '0-9- Cl 
Cl ~ V _ 

Cl" / 

n \ "Y _,Cu:l: 0 -Ô-Cl 
Cl~ 

+ ·C:~r_ .i V - ·:t 

. Cl Cl 

- Cl-60 ff~G. 
--<""'Cl ~l 

Cl 

;\eaet~on,> IV - 1)2 J.Ol! 0.4 oecur ln conjunct1.on with reactIon5 

. 
l \' - :; u t 0 5 7. D e cora Il 0 ':i i t Ion a f l \' - ) 5 ;) v fur the r los S 0 f 

phcnoX0 lIgand e~entually resul~s ln Jlbromocopper(II). 
~ 

The al:è.~ e of bronide ln toc re--

sultIn,:. nolvncr, and the LiCK of change of its molecular .... el~ht 

ùu~ to .. the' ;1resence of carbon tctranaliJe, rules out t;lI~ pos-

S~Dllu:y of equat'lon IV - 60. 

('/ ., 

. '" 
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Cl 
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Cl)xCBr-
0= - ) 

Cl - , Cl 

The existence of carbon tr~brom:l.<.ieo 

-rad~cal shoulc oe refl4ô!cted ~n the formation.of Cilr
3
Cl, 1\';- 36, 

l.f cquat~on IV - 67, holds true. Analysis by gas chromatograpny-

l'lass v'ectrometrv of the reactlon products remainl.ng ln sol-

ution after re;;Joval of polvrner, for the decomrosl.t~orl of 

l \' - l a l n ben zen e l. n t:1 e. pre sen c e 0 f a 1 0 : lIDo ~ arr a t l 0 0 f 

carDon tt..tral)r..Frn~de to IV - 1:1, afflrmed the~presence of 

1\ ~~. t!ow~ver, for reactl0n witb al; J.. molar ratlo of car-

/') 0 n tL e t rab rom l. cl c t 0 l \' - la, no C;) r 3 C 1_ II: as (. ete ete a. In ste a'd 

dlcnlorobenzene, IV - ::'7, was obtalned. In order to perml.t 

rassaf,~ of benzene/metnanol 
f 

througn the aetector, tne signal 

l.ntcnsity nad to be reduced. A sufflcient quantlty of time 

wa? requl.red to readjust the ~ntensity ta a level where any 

solute could be detectetl. An addltl.Onal peak, " l' e • in Flgure 

III - JO was obser.ved, but this appeared before comnlete re-

, 
adlustment nad been made. À--$ a result, this neak was not ana­

"'-
1 Y z e a b v mas s s pee t r' 0 met r y . L ~ 1-n ter pre t a t l. 0 n 0 f t il e mas s 

~, 1) 

s pee t raI da ta, 1 n 0 url a b 0 r q t 0 r v, r ev e ale d l {!-s 1 m p 0 r tan ce. At 

least one add~t10nal 'react~on produet needed to be determined 

ln arder ta account for tne unexneeted formation ~f~lchloro-
/~ 1 



\ 

- 204 -

, 
benzene. ~eltlng noint ana1ysi& of the white powder re-

malning after evanoratlon of the solvent (benzenc/methanpl)" , 

suggested the presence of tribromometnane. This compound 

would be expecteo to appear ln the regl0n of uncharacterlzec1 

peak ln Figure III - JO. 

In excess/arbon tètrabromide, 

t ne r e d c t i.o n s ho w n in 
/ ~ 

couatlon IV h~ i5 stronglv Dro-

l'1oted. ~he resu1t lng generat 10n of phenoxy radleal lead5 to 

a raplt! oUl1d ur of qUlnol ether, equatl0n IV -69. 

f'" 

~-1.: ~"'y""Of/,-. + 
"''" -u ",1-

Cl 

Cl 
-0 l.~ _ Ci 

cY 

:ne ca:Don trlDromide ra~lcal rrouuced frol'1 equatlon 
, ' 

t reaet readilv wltn-GUlnal ~tner; IV - 67, dt> 

tne reactlon pr_oducts. 1'lle'atlSence of rt:!.:lctlon 

l \' - f:, 1 W l t Cl ,1 l...!.. mol arr il t l 0 0 f car h 0 n t e t r a il i 0 m l J. t: r a ct l -

-c al c 0 IJ ,uj ? c r Il a p s h ~ ace ou 'n t ~ d j 0 r l> y t il e cor r t; S po n d l n g l Y 

" ~-slower hUllu UD oÏ qUIno:l etner; dl1!creaslI,g the n r 0 tl a b lIt Y 
04' 

olt n i -i. ç 0 m pou n J C_ 0 m l n g l n con tac t w i t h car ho n t r lb rom l d e 

ra~~caL. T015 latter compound would thercforc rcact Wltn tne 

solven:, nenzene, tnrougn hydrogen extractlon~ eGuat10n 

1. V -
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f\ 71) • 

• C t~r"Z + C .1, 
" ( 

--- - --
The ab l Il t Y 0 f car ho n t r l cft 10 r l cl '-

raulcaL" to ahstract allyllc nydrogen ta y1.eld chloroform t.as 

rh'en <..,tuUIC(\ ln 'iOO"lC uet.:lll(lu(l,107). Carbon trlcnlorule raJ-

lcal ,",'as found to l)e only .. llgntlv reactlve W.l.tll [)enzL'nl!~l il)), 

ndt Cël.rllon trlbror:11dc L1u,cal was found ta be more thall ,1 

,1 II rHl r L' d fol u - ru 0 r e r e ,1 C t l V e W l t h V l n y l fTl 0 n 0 ln ers t n a n C.:1 r non 

trI C .1 .i. ù r l dl' r au le d';' (1 \ J" , .. '.) c) ) • 

~eactlon of p~envl radlca~ ~lth 

r;uinoJ.. etner, eqU.:1tlon 1\ - 71, woulCl rcsuit ln cnlorohenzene. 

( 

Cn':'orODenzene coui.:! then rcact iurtner W1.th carDon trl.~rü-

:11d ... r1dlC.1J. an~ GJlnOl. etner to ~,;ivc àlcnlorobenzene. :-..naras.:n, 

:1 ~ (1 .i. ( , - 11 2 ), " a ver C f) 0 r t l: d t n e a d dit Ion 0 f car bon t r l --_:...::.. 

en: 0 r l ~ C rd <1 lC.:1';' t 0 0 l e f ln l c (j 0 u b l e Don d 5 1. n co m pet l t l 0 n W l t ~l 

,IVGrop,:!n extrdct.l.On. Ci.;arly, morc research needs to OC con-
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ducted to determlne a ùef1nite mechan1sm of decamposltlan ln 

the presence of small amounts of carbon tetrabromide. A Dore 

careful work-up of the !'eactlon products would -perhaps reveal 

" 
hota chlorohenzene and benzene"~'ll~dition products as we,ll as the 

compaunds alreadv characterized. 

iJecomposlt1on 'of IV - la ln the ab-

sence ~f carnon tetranallOe snowed no eVidence of any cnlor-

1nated Denzene. \ 
1 r 

IV - 4 Lffect of ~rlcl,loronnenol Aad1tlve 

", 

Throughout thiS research. severil 

natelles of pnenoxocopper(II), IV - la. were prepared. i:ach 

Datc~ was sufficlent to complete several runs. It was founu 

t~at the numoer-average molecular welght of polymer, prepared 
r 1 ~-.-

unuer 1~ent1cal react10n cond1tlons, var1ed from hatch-to-

tlatcll. Ilowever, t:;e ue~endence of polymer r:101ecular WE:'lgnt on 
tJ 

réa/ct1,:);n varlah'îes (le., concentrat10n of IV - la, react10n 

tine, soivent, temperatu . .re, etc.), observed ln one set of 

runs for one Daten, \.Iere 

runs W1t:l anotner t"latcn. 

affecte~ nv c~anrln~ tne 

a150 apparent for a simllar set of 

~o otner r!act10n cond1t10ns were 

Datch of pAenoxocOpper(II). The 

effect on molccular weight W&S attributed to some Impurity in 

phenoxocopper(II) which had not been completely removed by 
1 

recrystallization. The 
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) , 
quant~ty of this contaminant woul,d vary sornewhat with eaen 

new pteparation of starting mater~al. Investigation of the 

t e c h n 1 que 0 f oS v n t h è'A!l. S su g g est e d tri chIo r 0 ph e no l c<l s the - -, 
-1. 

most l~kely cand~date ·rQr irnpur~ty. 

A1dltlon of trichlorophenol to a 

solutlon of ?nenoÀocOP?er(II)~as found ta deerease the 
(b/~ 

en u l'1 h e r - a ver a ~ e mol ecu l a r wei g h t 0 f"~O l y rn e r, Fig ure 1 l 1 -, 3 3 . 

From this plot, 
\' 

it lS apparent that onlv a trace quantltv 

of tr~chloropnenol 18 required to cause a dramatic reduction .... 
ln molecular welght. Infrarea spectra of tne polymers ob-

talneJ ln the rr~sence of trlchlorophenol add~tlve IndlcatL 

~erl'iln'il nvdroxvl grou,n::.. ':l'ne concentratlon of tnese nydroxyi 

grouns Increase proportionately wlth increaslng arn~unts of 

tricnl,)rophenol added. In fact, nolvrner prepared 1n~he ab­
j 

sence of addltlve (ca., spectrum a), F1gure III - 34), shows 

son e 1 na 1 c a t 10 n 0 f n y·d r 0 x y ~ a b sor p t ion, 5 u P P 0 r tin p, the pro-

~osal ,)f tricnloropnenol contamlnant. Trichlo~ophenol can re-

uistribute wltn polymeria phenoxy radicals, e~uation IV - 72. 

~
l 

"" ~. 
\/V'-/' U Uh+ 

Cl ~. 

lV - '12 

AdCll.tion of fur cher trl...cnl.Q~oJ?~enol monomer shif'ts tne equll-. ....~ ~ 

L 
-' 
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~br1um, ravouring lower molecular wei~ht polymers. ihu. 

find~n~ off ers additlonal support for the equil1br1um nature 

of thé carbon-oxygen coupling steps. 

The effect of trlcnloroohen01 on 

~01ecular weignt cou1d also account for tne correS?Onalng 

cffect of solvent, l:&ble IV - 1. For the solvents examlneà, 
, ,} 

mo1ecular welgnt reductlon hecame more promlnent wltn the 

ahllltv of sol~ent to autoxidize to nydroperoxldc. From 

cquatlon IV - 44, rcactlon of hvdroperoxlde wlth 9henoxo-

c 0 pp _e r ( l l ), r \' - \ .l..:l, ? r 0 au ces t r 1 chIo rD p h e no 1. At 1. e a st? art 

of the molecular welgnt reauetlon in thls ca~c ~$. nowever, 

at~rlDutable to formatlon of ~4-oxocopper(II) complex. 

IV - ') ~olvmer from Bls(4-bromo-2,6-dlchloropenoxo)blS-
- -'!'.; 

It was noped tnat ~ecomposltlon of 

4-bromo-2,6-pnenoxocop?er(II), ry - lb, would proàucc ~xclu-

~lvC!ly llnear poly:acr, ~...lrt.ue of the greater rC.1ctlvlA:v of 

tne ~-~rpmiae, relatlve 
. ~ .. 

to ~~inc. The polvmer was founù to 

conta11 one Drom1üe atom for an average of everv slxtn wcr 

Corrc~~on~lng~v, tne copper react~on product m1xture featureu 
'. , 

1 u S t 0 ver f 0 tMy br 0 m ide s for ev. e r yen l 0 r 1. de. T ne s l i g h t d l 'i -

./ 

) 

/ 
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crepancv between the two observations i5 due to the assurnptlon 

that the polvrner is entirely Ilnear. The nuclear rnagnetlc re­
'b 

sonance spectrum of rolvme~ prepared from IV - lb lndlcates 

sorne bran~ning, as shawn ln Flgure III - 35. The lntcnse pea~ 

at 7.3 pprn. is most llkelv due to the protons from the unlts 

wlth 1,4- llnkage. The doublet at' (3 ppm. vould then be due ta 

tdé protons from 1,6- linl--age in IV - 37 for the unIt con­

t31nlng bromide. TheA tvo small peaks between 6.f!:....and 7.0 ppl"1. 

could be dccounted for bv branchlng. • 

i 'J - ,7 

T Il e pol Y mer pre par e ù f rom l \' - 1 b 

in hen~ene at roo~ temperature 11kclv has a number-average 

molecular wClgnt mUCn greater than 160,000 and could he ob-

tained as a to'ugh, clear fllm by evaporatlon from hot -to1-

uène. how~ver, sQrne branching was stlll eVl.dent by nuclear 

magnctic resonancc. ~o crystalll.nit~ was l.ndlcated'by ~-Rav 

analysls. 

T 
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'\., 

Stamatoff(74) had reported the 

formation of 1inear p01ypheny1ene ether from 4-bromo-2,6-

dich10rophenol, using benzoyl ~eroxlde as oxidant. This poly-

mer contained a 1.1 weight per 'cent of bromlde. Linearity was 

confirmed 

formation 

by nuclear magnetic resonance, but no further) fÎ1-

was provlded. A small degree of couPlin~he~ 

J L. ,n- ros~tions. IV - 37, wou1d account for bromide retent ion 

whl1e conserving the 11nearitv. Repetition of the experi-

mental procedure reported bv Stamatoff(74) ln our lahoratory 

'resulted in a po1ymer which gave a nuclear magnetlc re-

sonance spectrum identical to the po1ymer produced by de-

comp~sition of IV - lb. 

1 : ,,' 

( 
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The work described in this thesls 

has answered a fe~ questions regarding the decornpositlon of 

ohenoxocopper(II) to polvohenv1ene ether. On the other hand, 

.lt has rnerelv sc~atched the surface of the total chemistrv 

involved. Further work a10n o the lines reported in thls theslS 
,~ '" 0 

é 

could perhap5 confirm many of the remaining hvpatheses re-

lat1n~ to the ovcrall mechanism of oxidative coupling ohen-

ols ta polyrner. 

1. Llttle phvsical proof has been offered on the lnterme-

diate 'comoounds involved in the decompositl.on of phen­
/7 

oxocoppcr(II). 

i) The oxidation of trichlorophenoi in the 

nresence of trl-~-butvlphenoxy radical resulted in 

the formation of aUlnol ether(6:3). OU1nol ethers are 

postulated as Intermeàiates in the carbon-oxv~cn coup-

"lin?, mechanlsms. t'Solation of a quinol ether in the lt 
presence of the above radIcal would 

istence as intèr~ediates. 

--L 
confirm their ex-

li) The nature of the varl0US copper-containlng 

intermediates, ln the decomposl.tion of phenoxocopper(II), 

\, 
needs to oe investigated further, with the hopes of thelr 

possible ~solition and characterization . 

• 
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2. rurther research needs to be carried out utilizing the 

various reaction' conditions and various additives re-

p 0 rlP e d in t h i s the sis. 

J. Reactions along the lines reported in this thesis with 

o the r p h e no x 0 - met ale 0 m pl, e x~ s. b Y cha n gin g>... the met al. 

phenol or neutral 

istic information 

li~and would perhaps provide mechan­

not obtainab~ with his(trichloro-

ph~noxo)bis(pyridine)copper(II). 

4. The possibilitv of perforrning kinetie measurement.. 

should be considered. perhaps pOho,tometrically or by el-

eetron spin resonance speetroseopy. 

5. ~cr~ research could be conducted wlth the hopes of 

obtaining linear, crystalline poly(2.6-diha~ophenylene 
o ' 

ether). 

1 "\.0. ... 1 .... 
1 > 

6. Further ,rese'àr<r'h shoulà -be carried out with the polymers 

prepared frorn trichlorophenoxoeopper(II) in hopes of 

dêt~rmining the dep~ndence of. rnolecul~r wcight on the 

var i 0 us r e a c t ion e 0 n cl i t ion s'. 

7. Further studies on t,he use of.'ph'énoxocopper(I,I) in the 
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ThlS Tesearcn constitutes the fIr~t 

J~ta~led systematL~ investl~atlon of the,mecnanlsm of decom-

~osltLon of phenoxocojlper(II), ln solutlon, ta polypnenvlene 

ct,1 e r. '1 ne r n en 0 x 0 C 0 pp e r ( l 1) C 0 m rIe x m 0 s t f r e que n t 1 vus e"': 

~~s hls(trlchlorOrh~noxo)bis(pyrlùlne)COrper(I~) 
l 

,/ 
'1 he d cc 0 m ras l t Ion -w d. s fou fi a t 0 

l~volvc an inductIon re~lod out thls coulJ b~ re~uce~ SO~e-

w Il ,'1 t t) v t: 1er r c '7 cne e, 0 r 0 x y g en, f r e e r a c: .:.. ca.. l fi 1 t 1. a t 0 r." 0 r 

'C d r h 0 n t e t r:I Il a l l li ~ ::'. '111 e r..: il C t l 0 fi -W il S f 0 -.: n ~ ton roc c e ~ t:-, r 0 Cl ~ " 

.... 
t '1 <' ,I~ (' ne r il t l Cl n 0 ~ ;">~lcr.oxv ~rllLolC.J.1S, as ,..,·a~ eVl(jcnc~u '" ~ l't?C -

tron Sfli., rCSOr1ancl' s,h:ctroscoÇ>y. InterDretatlûr: or u.~ t: .... -

DLrlnental results UJ..L!"" ... lv:o:'et-
1 

VI,> l il l ,-' c, nec t r 0 r ,Il") t 0:0. C t r 'l a n ~ e l cet r 0 r. S;1 ln r CS 0 ,l.:i ne l' '5 71 e c ". ~ ~ 

[r},>co:>' .. "') C r:r 1.. t t e \ .... l'H'C na;-, 1 s" rostLl~atL' ...... 

.. : 1 l ') ,,",' a s Su,,:-, 0 rte U Ll V il. n .Jo. fi V t' S t l g il t l 0 r. 0: t, cre il .: : l û fi ~ r,,-

lluctS. 

't"'\. ,j C ;: ~ v f. (: a n û .: t 1.. 0 n 

'- ,1 :1 C e n t r :1 t l 0 :-'. , J.n~ ':;"Ivent;, lS dS 
î 

\ 1 <' • '" ~c"1~L'r.:1tllrl , 

) . < • .' , 

ln l t • a t 0 rI:>, "yr Don tel r 1 :1.1 .L l '-' ~'S 0 r t r ~ L '. l 0 r ù" <è" O. , 

.... LI :1 t ,1. J-..lt .. t l ù na l - , , .' \ 

1 

t 0 r t. , L) ::-, L fi è +~ ~~1 a n J.L :; t .... C î r l"' :~ 0 sa: ~ . . 

/' 

~ 1 r' 1 ( 
, l, 

1 

l' 
t 

p 

. , 
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ùxygen or hydroperOXldes were 

"" found to p,enerate ~4 -oxocoppcr(II) complexes ~s s~de reactlon 

proJucts. St;ltanle aÙlustment, of re3Ctlon conJlt~ons led to 
.r 

formatlon of tilese complexes as tne sole copoer-conta1111ng 

t 
reactlon 0rouuLt. ~eactlons unaer slmllar conuit~ons wltn 

o",lenoxocoppl2r(II), Ut:~ll.Zlng 
-:.-' ... ~ 

provlded a 
',"'"' ~:: ... ...,., 

unlql,1e method for 

copper(II) complex~s. 

, 
several other neutral 

"-
11gands 

the 'scvnt hes 15 0 f ~ -oxo-
4 

, , 

B1S(~-bromo-2.A-dlcnloropnenox~)-

01s(nVCIU~ne)conoe~~iI) was uecornposed at r60m temperaturL 

, 
ln tlen?ene. 

, 
resultJ.l:./è ln t.ir.:.-, f1oi.ecular W,"lg •• t, ne~rl.y-

Ilnt;;ar polvmer. 

'" 1 
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" TableVIl-l 

~fraëCd spectrA 0f r~enoxo-Meta1 
ff 

complexes "-
~ 

- - ----- - --- ~-- -- - -- -- ------ - --- -- - - - - - - -_.- - --- - -------- --- -.---- --- -~--- --------
Comp1ex Absorption frequency -1 (cm ) 

--------- ---- ---. --------------- . - - - - - --. -- ---...... ------
sodium trich1or~ , a 

] 525 1450 1310 1240 1220 1180 phenolate 855 780 740 

copper(II) tri~hloro-

pheno1ate 
a 

1530 1435 1265 1130 845 810 750 
1 790 

PYxCo(TCP)2 1610 1560 1480 1450 '1440 1390 1315 1250 1220 1185 10~ 1045 960 890 810 760 700 
153 () 1215 1160 1020 880 790 735 

860 N 

.t ..... 
PY2Ni(TCP)2 1605 ISbn 1250 1230 1180 1075 

\0 -

1480 1460 14'.5 1390 1315 1045 960 880 810 760 70S 
1525 1215 1155 1065 1020 • 870 795 750 695 

---;.:." 860 740 

PY2Cu(TCP)2 
b 1605 1565 1489 1455 1445 1390 ~310 1250 1215 1185 1075 1045 965 895 810 70S 

1530 1160 1020 885 795 770 
1000 870 '760 

8550 T35 

PY2Cu(C12BrP)2 
~ 

1605 1560 1485 1455 1445 1380 1305 1250 1215 1185 10~ 950 865 795 760 705 
.r 520 1420 1160 10 745 695 

735 
'. • Ji 725 

715 
, 

1485 Py')Cu(THP) ') 1605 1555 14') ') -,1445 1380 1310 1250 122Ô 1180 1075 1050 955 890 770 730 705 .. "" 1')70 ' 1410 1305 116 .. 0 1020 880 720 695 
~ 865 

PY2CJ(TIP)2 1'605 1535 i450 1425 1.410 1 36 () 1305 1245 12'15 1170 10JO 1045 965 880 765 735 705 
14QO '. , 

1155 1020 870 695 -, 
1 ! 860 ( 

b 
(NH 3 )2 Cu (TCP)2 162n l"j3n 1450 1420 1390 1300 125,0 1190 865 810 750 700 

1605 1295, 1235 1135 795 735 
1125 .... 

-" -v 



~ 
., 

• ~ • 
.. 

Comp lex Ah'lotption f l l' q Il t"n ( y 
• - 1 
( .. m ) 

.. k-C 2
11 ')':f/ 2 lf u (TCP)2 

b 
160() l 5 fl 5 ] ,~ ~ 5 ] /j ') () 1 3, li C) ] lI) () 1 24') J ') 2 1) ] ] A') ]1)7,f) 11) ') n 13').'> BIO 750 l ') '3 f) t Id () l '31~ r) l ,~'1 0 Ill') 1 f) t. 0 :~ li ') 8f)O 7}0 

H80 
(; I:J t) 

(D:1F) xCu(T~r) 2 l(,/. f) l 'î 7 () 1 ') () n 1 /. 'J f) 1 3 () () 1 qn l "', 1) 1 1 li ') 1l)fJ5 B60 dl') 760 705 
l ') ') 0 1 3 70 1 7 R ') ... 1 1 35 :~ 5 5 ~O5 715 
1')1') 1 1'70 

(DMS\) /~u(TCP)2 1560 11. /.0 11R') L 3 n ') 1270 1 1 30 11120 950 865 81 5 7 b 0 1540 121,0 9 1)5 9) 5 800 
(TMED)Cu(TCPl

2 
1') (, 0 l 'î .' 5- 1 1. fi n 1 /.2 n 1 1 H ') I 1) 0 1 2').1) 1 n) 1 1 8 () 11) rn 10!.5 '1- 50 8/5 805 170 

l " 9 ') o 1 1 2 () 1 1) ? () tH 0 7?O 750 
J-

1 7. R 5 1 1 () 0 ~ III 0 5 735 - . 
- (1~~D)Cu(C12Hrp)2 1560 ]')::>5 11.60 1/,) 'j 1 1 H 'j L 11 ') l ,1') n 1 1 H ') t i]~ () J !) 4 5 ') ') ') 865 810 770 715 

l H) 0 Ill.) 1()25 (lf)O 79') 745 
1 285 1 Il) 5 1005 

C 
-r 

a) re f. ( 31, ) 

N 
b) ,1 g r (' (' S IN i th re f • N ( )', ) 

0 

'" " J'} , , 
" ~ 

_l' 

1 
J-. 

i'~ 

'. ~. 
';.l 'l-

l_ f ,Ii , ("'1 
~.I' ' V ; . 

~ t~:;.1 -'" 

1 
, 

~ 
; 

i , 
r. 
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l p f r (! r {' cl S f' (' C ! l d 0 f Va r jUil" P (l l Y fi h /~ U vIE' n (' L t Ill' r!-> 

PolymC'f Ah"orptlon 
t" 

\ -1 
fr('CjucTlcy (cm ) 

1) 

0 

-

t., 

<" 

cr 

(or~ 
Cl 

(' 1 
/ ... 

<O~ ", 
Cl , 

nt . 
~'< i-, . , 

{ , ~ 

'._- .- /0 \_.t' 0 . , \ / , 
\ ' 

Hr 

T, 

r 
:;. 

i 1 

- Tl 

.* 

n 

(, 

ft 

.J , , 
.. - J 1. -, 

(l ;~ ~O·)· 
i • \ 1 

'.1 l 
n 

" 
1 () 0 " 1 " f, Il 

~ 
] f) r) (l ] 'i ) n 

~ 

] ') li r) 1 ') f> 1) -, 

l 
l ~ 

, '"" ~ J')'ln 

~ 

l fi <) r, 

]/jq() 

... ...::---

'­ ....... 

1 Il T..O 

14'; '> 

l II ') (l 

l Ij l, Cl 

&:> 

4 

l /~ Hl 

J II 1 () 

-.. -

"" r~lvm('''r rreI1aretl--frol"1 Pv,..,(u('·l 19r1') 
II .... '--

141n/'')() L' lf) 1 III c, 1 l 7 fi 

J Hl') 1.74() 17(\() 1 1 l (J 1 l ) 'i 
11 8') 

1'~71) ] ? 1') 11<Jfj l l lS 

~ 
] l () (l 1 72') l 1 8 1) l J l () 

.. 

10 H', 

1070 

107 () 
1055 

1050 

103'> 

1030 

'\ 
e 

' .. , 
" 

l 0 1 0' 9 6 () 9 2 0 865 82') 770 

1005 945 

Ht65 

lODS 

850 810 

. 
910 860 825 

845 810 

925 865 770 705 
~O 7)() 

900 870 790 720 
860 

IV 
t,) 
~. 

----"---- ---- - --------'" 
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vIl 3 

1 !1 f 1 .q l' d d ,\ LI f () l V <l r i (, li S d 1 Il rl1 o· a 11 cl 114 - 0 x 0 - co pp e r (1 1) co m fi le xe s 
'le 

Comp] (')( Al",t'l pt 1 (ln 
-1 

frCCIlJCllry (cm ) 

(C Il N) C rç il ).) 2 \1 2 

(Cr..Ilr..~)I.CIl/('ç '0 
., J • 1 & 

Cl (c,., Il)~l) J( ul\r L' 

(C)H~);;) 4 ('11 4 11'6' 0 

i ( C (, Il '» J P (1 1 7 ( li ( \ ~ 

[ (C Il ) l' c) l (' Il (Q • 0" 
(y '1 3 1. I~ (1 

( (, " Il C '; li " ) 4 ( u, (ç • () 
t: J, '1 f, 

1 f, () 'J 

l r, (j (/ 

J (, (, " 
l c, '1 '1 

l t, )' ) 
l C, 'l b 

1 (, (1 r, 

J 'l '1 ~ 

]1) q (1 

1 '> 7 ') 

] ') q 1) 

l '> / _' l l, ",: 1 q " (1 l l t, l, ,1 21. ':! 

. 
J ri) , , 1 il :' h 1 l, 1) ri J 'j h ~ .. 1 2 1. :) 

l ') 1 ) 1 1. (1 ( ) l l, l, (1 ] ~ Il (1 J ') 4 (J 
~ .. ,;t 
""' l Cl 7 Il l LI 8~, l h ': " 1 V,f) 1 2 }C) ., 

] Il R r, 1.' H, l 1 \,' In7 
J \ " 7 1 11 3 

l 1. fl', l l '\ , l 'II. (, l 2 (,.' 

1 l' " J '\ J g 

] " 7,' l Il (, H 1 l, ',1) .. 1 '\ (, 1) 

'i j' l 'J 

r ( H]) /- >.; , C Il (J III (II 1. ( ç (, • () J (, j " l l, 1 J:' J f) 'j 1) '1 \ (, /, 1 2 s' () 

* IJ a tac t t (' cl for ~ p.' c t titI Tl t: 1\ r )l f'. 1 1 (' l " . 

a , 
Agn'{'~ with !<t'f, (I)Ï), 

b 
Rf' f . (R 7) .. li \1 j ()~f m u1 l Ap,lce·; wlth 1> il. t ,{ ( 1 t " cl f () r on 

C • '-. - l 
Af, r('(' ... witl! Rf: f (03) fpl P = Cl q t l (' t " 11 i'l t l 1 Il 7 cm 

d AgrE'E'c, w 1 th Rf' f .. ( 7 q ) for P::O .. tretth. 

1?:'O l 10,4 1080 104 Il lO?O 951 
106') 101 ] 

1.>1'1 1 l ') 8 1 () 7 (j ~ 0 r) () l ru n (n () 
] li, H lOlO 

J'n I~~ 1 Hl ]Of'? 1 ()1.9 1021 9,)() 

1] ',A H17) 101 .'"> , v .. 1 

1 r. J q 1 nd 1 () 7:. l () !l C) ] () 2 1 95') 
â Il '> ln 101 5 

1 1 q () l 1 " 'i lOt)O l () ;1 9 1 ()rtr~ 
l 1 8 r) l 1 II 0 (' l () 8 4 984 
J J 71) l J 1 cJ JO/r/"" 9 () 

l 1 ') !l ci l 1 2 (J cl 1 () 1 (1 lOlO, ]001 935 
] ] 8 () ] ] n () en c) 

]l<JB J 0 () R 1 0 1. r, 

] ] J S 1059 l009 

KHy plate!:>. 

l' 

- -- -.-

876 762 690 648 

tl90 777 705 665 576 b 

76'S' 700 
762 ' 
. 

875 762 692 650 

890 772 702 65n 53S h 

770 698 
764 

., 
t-..l 

869 760 728 1'-' 

864 754 700 1'-' 

854 

860 768 7)0 5' 5 
760 700 
753 

892 650 582 
80 'i 

710 ;->8 (J h 
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t.il-illft,t!I.d ~LlÎ" f,'f viitluUC. diL,tlo ar,J ;'4-o >:o-co ppc>r(11) 

CO\T1plE,'X 
r' --) 

(C;JlSN),cur; ~ 
. 2 2 

(CSIl
S

:--;) {1I4 (,) 6' () 

(CSII, \~ 2eu!'>l / 

(C,II)!';)~4Rru'() 

291 ÎMl 

267 

~ - - - - - -- - --- -- -- ~--- --- -- --

-1 
i\h<,orpt ion frequencv (Cri ) 

-- ---- - .- - --- - - -- - ----. - --- --- - - --~-- ----

2 )5 207 178 

247 202 
"--""-~ ~/ 

1 

25') 205 194'T 128 
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FIGLRJ.: VII - 1 

Infrared Spectra of VarLOUS Phenox~corper(II) Com;:llt:xeb. 
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FIG U R Eo VII - 4 

,. Infrared and Far-Infrared Spectra of Var10us 

U4-oxo-hexa-~-halotetra-copper(II) Comp!exes. 
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FIGURE III - 1 

Yie1d of Copper(i-I) Reaction Products at Various Réaction/ 
1 

'. 

Times for a Series of. Deco~pos~tions of PYZCu(TC~)2 in 
C\ 

Benzene at 84.s o C UQder Vacuum . 

/ 
Run l ~un II Run III 

o 

3 hrs. 30 hrs. 48 h~s . 

",t. complex O. 71 0.75 J 0.83 

~essel 112 reaction time ~ hr. 3, hrs. 2a~. 
wt. complex 0.91 0.85 0.87 

vessel #3 reaction time ' ; hr" l' hr. l! hrs. 

wt. ~omp1ex 0.95 . 0.93 O. 92 

FIGURE III 

Run IV 

48 hrs. 

0.66 

3 hrs. 

0.87 

H hrs. 

0.85 

Yie1d of Copper(II) Reaction Products with Time in the Decom­

position of PY2Cu(TCP)2 in Benzene at 84.5 0 C Under Vacuum. 
- Q 

Reaction t ime Wt. complex 

; hr. 0.01 * 

1 hr. 0.01* ,. .... ; 
~' ...... J .. -.. .. 

H hrs. 0.86 

2~ hrs. 0-.41 " -~ 

3 hrs. 0.87 

) 3; 
, 

hr 8. 0.76 
D 

* greylsh p~wder 

c. 

, 
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FIGURES 111- - 3 and III 4 
Il' 

• 

Data on Reaction Products vs Time in the Decompos~~ion~f 
o PY ZCu{TCP)2 in Toluene at 84.5 C. 

* t heore t ical yield of PY2CuC12 .. 

1"" 

= 0.95 gms. 

.~ 

\ 
-' 

.,.. .... ~ 
..... 
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FIGURES III - 5 and III - 6 

D~ta on Reaction Products vs Time in the Decomposition 

of PY2Cu(TCP)2 in B~nzene at 71°C • 

• 

Reaction 'Time Wt Cu(1I) Complexes* 

(hrs. ) (~m) 

1- none 

2 . 0.29 

2. 5 1. 74 

.r-- 3 • 2.20 

4. 2.17 

6 . 2.26 

12. 2.26 

24. 2.21 

48. 2.31 

8000 1 

26,700-

34,OOO~ 

47.500 

54.500 

61 • 000, 

69 ;500 

79,000 

* 'theè,retical 100% yieid PY2CuC12 ;r 2,.35 gm. 

-
7 molecular weights obtained by VPO. 

J 

-' ... 

,,' 
• 

; 
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Absorbance at 22,500 

in Benzene. 

.9 'u Conc x 10 3 

0 

0.035 

1 
0.069 

0.i38 

0.276 

0.405 

0.540 

0.552 

0.614 

'~ O~89 

0.768 

"0.810 

0 ... 864 

0.960 

1.08 

1. 20 

1.35 

1.50 

1. 60 

. 1.70 

" 
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FIG URE l 1 1 - 8, 

\ 

-1 
cm vs Concentration ~ PY2Cu (TCP) 2 

c--

Absorbance 

0.03 

0.08 

0.15 ,:1 
~ . 

0.31 

:J 

0.46 

6.63 

0.64 

0.71 

0.79 

0.89 

0.93 , 
1. 00 

1.11 

1.25 

1.40 

1. 57 

1. 74 

1.86 

1. 94 
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• FIGURI: 

2,4.6-Trich1o~ophenoxy Radical Sl~nal at V~rious Rp~ctlon 

Times i'n tItt' DecoMposition of PV
2

CU(lCP)? ln Len;;er.{ .;t .... -
71 °e, l'n ~I r f CCL ~I~e resence 0 .4' 

---------------------,----~---

Reaction "f iT'1e f'e.:lk lieigbt 

_____ (~~l . ) J~b_i..!., a Œ __ u fi i _~ ~ ) 

25 r 0.15 '" 
.. 30 0 :;2 

35 0.45 
, 

38 0 7'9 

----40 0.85 

4S 0.92 

60 0.75 
"" 

6S 0.70 

80 0.6fJ 
• 

95 , 0.0:> , 
110 0."49 

r,' 

125 / 0.42 :b 
a Il 

, , laD ~ 0.31 

,~ ;..,' '. ,.ç. . ___ ~ ___ W_~ ________________ ~___ w 

c, . ", , ~ 

," ~- .. 

. , - .' 
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FIGURES III - 16 and III - 17 

Polymer Moleeular Welght at Various Concentrations of 
• 

Cone. Conc. ! 
(g/l) (moles/l)~ M 

n , 
1'0 0.128 25,000 

20 0.181 45,500 

\. 30 0.221 58,500 

40 0.255 70,000 

50 0.285 \ 79,000 

FIGURE III - 28 

Effect of Induction Period at Various Concentrations of 

Benzoyl. Peroxide 

-, 

j 

" 
Initiator/ pY 2 Cu (TCP)2 

(rnolar ra'tio) 

° .iL 0.05 

0.08 

0.1 

0.1 ,,": 

,0. 2 

0.3 

0.5 

1.0 

", \ 

Induction Period 

(m in. ) 

64 

52 

22.4 

16:2 

1S 

9.2 

5.4 

3.8 

2.0 

~. 
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• 
FIGURES III - 30 to III - 32 

Mass Spectra of Various Compounds 

dich1orobenzene CBr
3

Cl CBr 4 

• 
Ml R.1. MI R.1. tt! R.1. e e e 

146 100 207 100 251 100 

148 64 209 67 253 98.5 

III 39.8 205 42.) , 249 34 

113 12. 5 79 22.8 255 31.8 

150" 10.4 " < 81 22.1 172 25.6 
; 

, , 
""" 128 18.8 79 23.0 

, ........ t'" 

} 129 14.5 93 22.4 

126 14.2 173 14.9 

91 13.0 81 22. 7 

93 13.0 91 22.6 

211 13.0 170 13.4 ., 
127 11. 2 174 ,13.2 

\ 130 4.2 171 7.8 

172 4.2 80 2. 7 

" -
131 3.3 175' 7 . 3 

170 2.1 81 c --Z • 6 

174 2.i 92 2.3 
A 78 3.2 94 2.3 

80 3.2 . 332 trace 

82 3.2 

251 2.7 

253 2.4 

"""" 287 trace 

,e ) . 

• 
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r 

FIGURE II l - 33 

Effect of the Addition of Trichlorophenor~on Polymer 

~Molerular Weight. 

.. 
Weight Trichlorophenol 

(gm) 
M 

n 

O. 44,000 

O. 25 18,100 

O. 50 Il,350 

0.,75 7,650 

1. 00 7,600 

. ~ 
. 
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