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Summary
The basic components that  largely determine the structure of  a l iquid

laundry detergent are water,  sal ts and a mixture of  surfactants.  When these are
mixed in the r ight  proport ions,  the surfactant aggregates in a lamel lar  fashion.
Th is  lamel la r  phase is  a  pack ing  o f  amph iph i les  in  a  b i layer ,  w i th  the  ta i l s  in  the
inner core of  the bi layer and the headgroups point ing towards the water.  Several
manifestat ions of  the lamel lar  phase are known. Examples include a stacking of
p lanar  b i layers ,  e i ther  as  a  s ing le  cont inuous  phase,  where  the  lamel lae  span
through the whole system, or a two-phase system, where the lamel lar  phase
coexists wi th another phase. In special  cases the lamel lae can fold around one
another ,  l i ke  in  an  on ion .  Such so-ca l led  lamel la r  d rop le ts  a re  a lso  the  bas ic
structural  uni t  of  some types of  l iquid laundry detergents.  In di lute solut ion a
lamel lar  aggregate can appear as a vesic le,  i f  the bi layers repel  each other.

The phase behaviour of  such a pract ical  mixture of  surf  actants in
water/sal t  systems is dominated by the surfactant sodium dodecylbenzene-
su l fonate  (NaDoBS,  see f igure  1 .3 ) ,  a  po lyd isperse  compound tha t  i s  one o f  the
most popular surfactants for  detergent products wor ldwide. The problem that
has  been addressed in  th is  thes is  i s  how th is  s imp le  an ion ic  sur fac tan t  can
adopt a lamel lar  arrangement,  start ing f rom a less ordered state such as ei ther
the  d i lu te  mice l la r  phase,  o r  the  bu lk  i so t rop ic  l iqu id  phase o f  dodecy lbenzene-
su l fon ic  ac id  (HDoBS) ,  the  indus t r ia l  p recursor  o f  NaDoBS.  Accord ing ly  the
thesis can be spl i t  into two parts:  the di lute phase, compris ing the sal t - induced
transi t ion of  micel les into lamel lar  aggregates (chapters 2-41, and the part  on
concentrated systems, that  deals wi th the arrangement of  amphiphi les into a
lamel lar  fashion start ing f rom a bulk surfactant s i tuat ion (chapters 5-7).

The quest ion of  how the surfactant adopts a lamel lar  arrangement can be
answered by  f ind ing  ou t  under  wh ich  env i ronmenta l  cond i t ions  a  lamel la r
arrangement of  NaDoBS is obtained. These depend on the type and the
concentrat ion of  the sal t ,  and on the amphiphi le concentrat ion,  or  in other
words the water/amphiphi le rat io.  However,  the present thesis also sheds l ight
on the mechanism of the dynamic processes of the rearrangement of
amphiphi les into the lamel lar  phase. Moreover,  the process can be viewed as a
molecular t ransformat ion,  but that  is  only part  of  the analysis,  because the
interact ions between bi layers,  and between the separate aggregates play also an
important role in the total  aggregat ion behaviour.

Before the analysis of  the detai ls of  the aggregat ion behaviour of  NaDoBS
in  aqueous sur round ings  beg ins ,  an  in t roduc t ion  in to  the  aggregat ion  behav iour
o f  amph iph i les  i s  p resented  (chapter  1 ) .  The background o f  aggregat ion  is
touched upon, and the general  features that determine the type of  aggregate
that is formed: the molecular shape, and more important ly,  the solut ion
cond i t ions  such as  amphiph i le  concent ra t ion ,  p resence o f  sa l t  o r  a  change in  pH
and mix ing  o f  d i f fe ren t  types  o f  amph iph i les .  A t  low amphiph i le  concent ra t ions
separate aggregates are found: micel les or vesic les.  At  h igher amphiphi le
concentrat ions lyotropic l iquid-crystal l ine phases occur.

NaDoBS fo rms mice l les  in  d i lu te  aqueous so lu t ion .  Upon the  add i t ion  o f
NaCl the NaDoBS precipi tates f rom the solut ion.  The precipi tate consists of
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s t rong ly  f  loccu la ted  lamel la r  d rop le ts .  In  o rder  to  s tudy  the  f  ac to rs  tha t
de termine the  fo rmat ion  o f  these par t i cu la r  lamel la r  un i ts ,  the  in f luence o f  o ther
a lka l i  meta l  ch lo r ides  and te t raa lky lammonium ch lo r ides  on  the  aggregat ion
behav iour  o f  NaDoBS was s tud ied  (chapter  2 l .Depend ing  on  the  type  and
concent ra t ion  o f  sa l t ,  a  ra ther  s tab le  d ispers ion  o f  un i lamel la r  ves ic les  was
formed spontaneous ly ,  bu t  in  o ther  cases  a  phase separa t ion  occur red  in to  a
sur fac tan t - r i ch  and a  sur fac tan t - lean phase.  A l l  a lka l i  meta l  ch lo r ides  eventua l l y
induce the  fo rmat ion  o f  f  loccu la ted  lamel la r  d rop le ts  a t  h igher  sa l t
concent ra t ions .  The chapter  a lso  conta ins  an  in t roduc t ion  in to  the  phys ica l
interact ions between bi layers and between aggregates.  The observed phase
behav iour  cou ld  be  t raced back  to  the  hydra t ion  charac ter is t i cs  o f  the  ca t ion  o f
the  sa l t :  the  less  hydra ted  the  ion ,  the  be t te r  i t  can  expe l  Na*  as  a  counter ion ,
lead ing  to  a  h igher  counter ion  b ind ing .  Th is  inc rease in  counter ion  b ind ing
pr imar i l y  induces  the  fo rmat ion  o f  the  lamel la r  a r rangement  o f  DoBS by  a l low ing
the  headgroups  to  approach one another  more  c lose ly .  In  add i t ion ,  the  type  o f
ion also strongly inf luences the at t ract ions between bi layers and between
aggregates .

ln  chapter  3  the  inc rease in  counter ion  b ind ing  induced by  a  change fo r  a
less hydrated ion is i l lustrated. The cr i t ical  aggregat ion concentrat ion (CAC) of
dodecy lbenzenesu l fonates  in  d i f fe ren t  e lec t ro ly te  so lu t ions  was measured by
microca lo r imet ry  and conductomet ry .  A  h igher  counter ion  b ind ing  is
accompan ied  by  a  lower  CAC and a  h igher  (more  negat ive)  en tha lpy  o f
aggregat ion,  "part icular ly in those cases where the f i rst  aggregated state is a
lamel la r  aggregate .  ln  th is  chapter  i t  i s  a rgued tha t  a  c r i t i ca l  ves ic le
concent ra t ion  (CVC)  never  can exceed a  va lue  o f  approx imate ly  1O-a  molar .

The add i t ion  o f  sa l t  to  a  d i lu te  mice l la r  so lu t ion  mix tu re  o f  NaDoBS and a
non ion ic  sur fac tan t  (Crs_ruE. r r )  induces  the  spontaneous fo rmat ion  o f  a  very
s tab le  d ispers ion  o f  g ian t  ves ic les  a t  modera te ly  h igh  sa l t  concent ra t ions .  The
large  in te rb i layer  repu ls ions  tha t  cause the  s tab i l i t y  o f  th is  d ispers ion  must  be
due to  the  presence o f  the  non ion ic  sur fac tan t  in  a  good so lu t ion  cond i t ion .  The
wel l -hydra ted  PEO headgroup w i l l  expose a  la rge  s te r ic  repu ls ion  and w i l l
moreover  a l low fo r  a  h igh  b i layer  undu la t ion  repu ls ion .  A t  h igher  sa l t
concent ra t ions  the  non ion ic  can be  sa l ted  ou t ,  resu l t ing  in  a  b reak-down o f  the
repu ls ions .  By  a  combina t ion  o f  van  der  Waals  a t t rac t ion  be tween the  b i layers
and a t t rac t ion  be tween the  PEO segments  o f  the  non ion ic  headgroups  in  a  poor
so lu t ion  cond i t ion ,  the  ves ic les  co l lapse to  fo rm f loccu la ted  lamel la r  d rop le ts .

The mechanism of the sal t - induced spontaneous format ion of  vesic les
descr ibed in chapters 2 and 4,  probably involves a drast ic growth of  micel les in
two dimensions. At a cêrtain point  the growth is extremly rapid resul t ing in a
b i layer  f ragment  o f  a  c r i t i ca l  s ize ,  tha t  bends  over  and c loses  to  fo rm a  ves ic le .

The format ion of  a ldmel lar  phase from the bulk surfactant phase was
s tud ied  w i th  the  commerc ia l  p rocess ing  in  mind :  the  bas ic  ingred ien ts  a re  mixed
in  a  spec i f i c '  o rder  to  f ina l l y  ob ta in  a  co l lo ida l l y  s tab le  d ispers ion  o f  lamel la r
drop le ts .  The occur rence o f  the  lamel la r  phase is  la rge ly  de termined by  the
preóence o f  NaDoBS or  i t s  p recursor  HDoBS,  tha t  i s  neut ra l i zed  dur ing
process ing .  To  unders tand the  in te rac t ions  wh ich  HDoBS molecu les  exper ience
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Summary

is noted that a.  b i layer- forming amphiphi le not necessar i ly  aggregates into avesic le '  In addi t ion,  some words are devoted to the format ion of  a dispersion oflamel lar  droplets f rom a burk mixture of  HDoBS and C,, ._. ,uE.r '  part ia i lypresented in chapter 6,  but  extended here as a thought exper i r ïent .  The chaptercloses by reviewing the format ion of  the lamel lar  árr .ng"rnent seen from thev iewpo in t  o f  the  NaDoBS amphiph i le .
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