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Degradation of Polyethylene Glycol in a Localized Reaction Zone during Glow
Discharge Electrolysis
Etsuo Kokufuta,'" Takami Shibasaki," lsei Nakamura,u Kaoru Harada,b and Touru Sodeyama"
a lnstitute of Applied Biochemistry ando Department of Chemistry, University of Tsukuba, Niihari-gun, lbaraki 305,
Japan

Gel permeat ion chromatographic studies of  poly(ethylene glycol)  degraded in 0.002 rv NaCl solut ion by glow
discharge electrolysis suggest that  c leavage of  the polymer chain takes place only in a local ized zone of  the react ion
system.

Glow discharge electrolysis (G.D.E.) is a type of chemical
change due to the glow discharge between a conducting
solution containing a substrate and an electrode in contact
with the solution. According to Hickling's assumption,r the
mechanism of G.D.E. can be explained as follows: when the
discharge is applied to an aqueous solution, gaseous H2O+
ions generated in the discharge zone permeate the l iquid phase
forming a thin disc-l ike area, called the primary reaction zone.
in the surface of the l iquid. and in this localized zone various

active species such as OH radicals, hydrated electrons. and/or
H radicals, H2O2, and H2 arise from the decomposit ion of
water molecules and dif fuse into the body of the solut ion to
bring about G.D.E.-promoted reactions. We have demon-
strated that the OH and H radicals play an important role in
G.D.E.-promoted reactions of organic compounds.2

We now report evidence for a local ized reactlon zone ln
which the G.D.E.-promoted degradation of poly(ethylene
glycol) (PEG) takes place preferential ly.
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The substratc-  solut ion (-1-5.5 nr;vr  in terms of  montrmer uni ts)
was prepared bv dissolv ing PEG in (1.()()2 \ t  NaCl solut ion.  The
two avcragc moleclr l l r  r r 'e ights f r r r  Ptr  ( i  u ere r letc-rnr inecl
according to the 6rrevir) t - l \  n lcth()d:r  I  the rvc. ight-averaqe
molecl t lar  q 'e ight  1,1/ , .  )  t ras l0 l  { )01).  and the numDe r-arenrgc
molecular u,eight ( ,1/ , , )  uas J15()  ( ;  D.E. uas car l iet l  out  orr
50ml of  the sample solut ion at  30 *  l ' (  u i th saturat i t rn bv
argon and u, i th constant st i r r ins.  using a s inglc straight tube
cel l :  (S-cel l )  c 'quippr 'd rv i th a plut inurn wirc us the anode
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(d ischarge si t le)  and l  coi l  of  p lat inunr * i re as the cathode.
' fhe 

appl ied electr ic current \ \as E0 + l0mA:t t  75()V.
Fenton's de gradat ion and ph,) todecrrrdl t ion.  rvhrch can be

rcgarcled as homogeneous reactions Over the rvhrr le svstem.
$e-re also invest iqated t()  csyl ]n ' r t .  u i th the G.D.E.-promoted
degradat ion.  Fcnton's c legra( lat ion q 'as carr icd out at  25 +
l ' ( 'using -5t lnr l  of the substratc solut ion in the prescnce ofan
equimolar antolrnt  ( ( )  to 20m\()  of  l I .O; lncl  TiClr .  lvhi lc
phrr todecra( latron rvas performed at  3f)  + l 'C * ' i th l ( )ml of
the solutr<.rn in the presence of I  nrirr I I lO-. using a Pvrex glass
r 'essel  wi th a high-pressure 4(X) lv\ /  mercurv lamp.

\\ 'hen the reaction uas complctc. thc ciegraclat ion products
rvere exant ined hv ccl  perm€alr i )n chronrat()graphl  (g.p.c.) .
rvhich was carrrc'd out in the salnc n1:r i tner as reportecl

i t reviouslr . . r  Figure i  shous tht-  chang.cs in thc -r t .p.c.  eurres o1'
PECi causc-c1 br,  the G.D.E.-prorr toted deqradat ion.  Fenton's
cleeradat i r rn.  arrd photodeeradi l lon B() lh Fe nton s r ' iesradir-
t ton ancl  photodetrar i r t t ior t  lcat i  i l . t  l r i l  e i rse s t ( )  a m()n() tonia
shi f t  of  the or is inal  pcak to the l ( ) \ \  molccul . r l  r "c ight  s ide.
[{crrvever.  thc resul ts t r f  G.D.[ . ' .  indicate th i r t  thr ' tqt l  peaks
assignet l  l r> degradut ion pfoducl \  appear ui lhout shi f t ing the
or ig inal  peak t()  the Iou,molecular ur ' isht  s idc. ' lhe peaks at
elut ion volunrcs crz.  . i7 and . l j  rn l  are dut '  to the ol igomeric
degradat ion products rangins in , t / . .  f ronr 1(){)(} to l ( i ( l rnt l  to
the lou molecular ucight conrpouncls (carhoxr l ic  acids and
l ldehl 'des).  rcspect ivelv.  Thcse lorv molecrr lar  $eighl  species
could be separated from other dcgrai lat ion pr()drrct\  becausc'
of their strong aff ini t ies for tht '  scl usccl for g. p c. -fhc changes
rn the g.p.c.  curve dur ing C;. l )  l : .  i t rc n() t  l t t r ibuted to a
degradat ion-polvmerizat i ( )n equi l ibr ium. r ince (a) no polr ' -
merized products were obtained bl  ( l .D.E oi  tetraethvlenc
el lcol .  and (h) the i . r .  spectrurn of  the prr l rmer.  uhich nas
separated f  ronr the react ion nr i \ ture uslng. thr  sdme method as
descr ibed in thc 'Figure I  capt ion for  o l iqomcr scp:rrat i r rn.  uar
consistent wi th that  of  the or ig inal  polvmcr.

To make a quant i tat ive comparison of  the g.p.c.  data.  the
,1, , ,  i l ' | ,  rat io.  uhich is an indic:r t ion of  the rnolecular weigl-r t
d istr ibut ion (M.\ \ ' .D.)  of  a polynrer.  u,as c lsternr ined from the
cunes in Firrure I  according trr  the nrcl l - rod of  (  azes::  - l { ) . I
f rom curr ,e l (c)  indicated b1,thc c lashed l ine.  I  l . l  f rom curve
l(c) .  13.6 f r t rnr  curve 3(c).  and 3l . l  f r<, .nr  the cur,"er i (a) .  (b) .
or  (c)  for  the or ig inal  PEG. I t  is  found that the M.W D. of  the
r! 'maining polvmer af ter  G.D.E. is s imi lar  to that  of  the
or is inal  Pi :Ci  In contrast  to ( i .D.L. . .  br) th Fcnton's degrada-
t ion and photodetradatrrrn srnrul lanc'ously br inp abt)ut  a
shortening of  NLW.D. and a l r r rucr ing of  nrolecular ueight.
uhich could be qoverned bv dccreasing the high nrolecular
ueight f ract ions rather than b'" '  increasrnc the lou nrolecular
uciqht f ract ions.

As descl ibed. the mt>st intcrest inq aspcct of  thc ( i .D.E.-

1>romotecl  dc-gradat ion is thut  thc react i t rn mrl ture e ,  )nt i t in\
ptr lvmers u ' i th the or ig inal  NI.W.D. in addi t ion to the
ol igomeric and further degradecl proclucts. ' l 'his is not expl ic-
able in terms of  the chain c leavage occurr ing in a random
fashion. u 'h ich i r  general l l  chrracter ized br a montr tonic
M.W.D. change l ike that  obser,u 'et l  in Fenton's degradat ion or
photo6"nror ' , , r t ion.  Takinq into account the fact  that  Fenton's
depradat ion and photodegradat ion are homopt:neous reac-
t i r rns in which OII  radicals mav l )ar t ic ipate.  th is character ist ic
of  G.D.E. degradat ion could be related to the hc' ter(rgenei tv
of  the react ion svstem. When G.D.E. is appl ied to the
a( lueous solut ion containing PE(; ,  the lct ive species are
generated in a local ized zone. ancl  their  at tack leads to the
rapid rupture of  the bonds in thc poiymer chain y ie ld ing the
ol igcrmeric and further degraded products. I lou'ever, the
polvmer placed outside such a react ion zone is f ree f rom
attack bv the act ive species and remains unchangc-d.  s ince the
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Figure l .  Changr 's in g.p.c.  curvc () [  PL-.G rv i th ( i .D.E.-promotcd
degradat ion ( l )  as a funct ion of  the react ion t ime: a.  I l  min:  b.  l ( )  min:
c,20min; d,40min. photodBgradat ion ( l )wi th H,O.,u.r .  l ight  as a
funct ion of  the react ion t ime: a.0minl  b.  l0min:  c,20min. and
Fenton's degradat ion (3) as a funct ion of  the amount of  the equinrolar
mixture of  H.O. and TiCl , :  a.  {J mNl i  b.  ( } .  l5 mu: c.  0. l -s mu. Dashed
l ine in curve I  (c)  denotes thc '  g.p.c.  data for  the sample polvrner u hich
was obtained bv diahsing the desradat ion product against  d ist i l led
water in a cel lophanc tube with permeabrl in '  for  o l igomers u ' i th
molecular weight belou 30()0.  and then Ivophr l iz ing the dialvsed
solut ion.  Fenton's degradat ion uas al lo* 'et l  to cont inue unt i l  H-O, in
the svstem was decomposed completeh.
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l i fet imes of the active specics could be so short as to be unable
to dif fuse into the whole reactior) svstem. At present we
believe that rupture of the bonds is ini t iated by abstraction of
hydrogen from the methylene group with activc species such
as OH radicals to generate -O-CH-CH?- radicals, which are
then oxidized to formyl and carboxy groups. This is because
the degradation products contain glvcolaldehyde, glyoxal.
glycol ic acid. and glyoxyl ic acid, in addit ion to oxal ic and
formic acids which are eventual ly oxidized to gaseous com-
pounds (CO2 and CO). The reaction of aqueous ethanol under
G.D.E. has been described6 and the yields of products
quanti tat ively related to the init ial  input of OH radicals.

In conclusion, the present rpsults reveal that the G.D.E.-
promoted degradation of PEG occurs preferential ly in a
local ized reaction zone, which mav correspond to Hickl ing's
primary reaction zone or i ts neighbouring region.

The authors are deeply indebted to Dr. K. Fui imori.
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University of Tsukuba. for his helpful encouragenrent and
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