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7 1  ) .
SUMMARY

To investigate the relat ion between the structure of l iquid
water and hydrophobic interaction the dielectr ic relaxation of wa-
ter in di lute aqueous solut ions has been studied. After an intro-
duction of the problem in which the dynamic aspects of water
s t ructure are emphasized,  a  theoret ica l  ana lys is  o f  the d ie lect r ic
re laxat ion o f  water  and aqueous so lu t ions is  g iven (Chapter  1 .3) .

I t  can be shown that  d ie lect r ic  d i f ference measurements  a t  mi .cro-
wave f requenc ies are very  usefu l  to  s tudy changes in  water  s t ruc-
ture resu l t ing f rom the d isso lu t ion o f  (hydrophobic)  so lu tes.

The t ransmiss ion of  e lec t romagnet ic  rad ia t ion through d ie lec-
t r ics  wi th  h igh loss and through waveguides i .s  d iscussed on the
bas i s  o f  Maxwe l l  t heo ry  i n  Chap te r  2 .  Sec t i on  2 .3  p resen ts  a
summary o f  the theory  o f  cav i . ty  resonance per turbat ion,  which
is  the bas is  o f  our  exper imenta l  methods.  Severa l  impor tant  as-
pects  o f  the microwave system,  which is  ab le  to  d iscr iminate
the d ie lect r ic  d i f ference between water  and a 1  mM sa l t  so lu t ion,
are descr ibed in  Chapter  3 .  A carefu l  ana lys is  o f  exper imenta l
resu l ts  in  terms of  cav i ty  per turbat ion theory  is  g iven in  Chapter
+ .

The assumpt ion that  d ie lect r ic  re laxat ion parameters  depend
l inear ly  on so lu te  concent ra t ion has been s tud ied carefu l ly  in
C h a p t e r  5 . 1 .

A study of Helix Pomatia hemocyanin solut ions at dif ferent
d issoc ia t ion s tages of  the prote in  (Chapter  5 .2)  d id  not  g ive more
information than a hydration number, which appeared to be some-
what larger for tenths and twentieths than for halves and undis-
soc ia ted  mo lecu les .

In  addi t ion exper iments  on a ser ies  o f  la rge ly  hydrophobic
so lu tes l ike  h igher  a lcohols  and carboxy l ic  ac ids (up to  hexanols
and hexanoic  ac id)  in  d i lu te  aqueous so lu t ion have been carr ied
o u t .  T h e  d i e l e c t r i c  m e a s u r e m e n t s  ( C h a p t e r  6 . 2 . I  a n d  6 . 3 . 1 )  a r e
i .n terpreted as a  sh i f t  in  wate, r  re laxat ion f requency and a de-
crease of  the s ta t ic  d ie lect r ic  constant .  An a l ternat ive i .n terpre-
ta t ion in  terms of  a  mix ture conta in ing water  wi th  an unchanged
re laxat ion f requency and a so lu te  wi th  an addi t iona l  re laxat ion
cou ld  be  ru l ed  ou t  (Chap te r  7 . I ) .

Fur ther  conc lus ions f rom the d ie lect r ic  measurernents  were
the absence of , t ightly bound water and the fact that the spread in
water  re laxat ion f requenc ies was not  larger  in  the so lu t ions than
in  pure water .  On th is  bas is  an exchange process between water
in the f irst hydration layer around hydrophobic solutes and water
in  the bu lk  is  proposed,  which is  fas ter  than the d ie lect r ic  re lax-
a t i o n  r a t e  ( C h a p t e r  7 . 2 ;  s e e  a l s o  C h a p t e r  5 . 1 . 3 ) .
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A corre la t ion between the large negat ive s tandard ent rop ies
of  t ransfer  for  hydrophobic  so lu tes and the changes in  d ie lect r ic
re laxat ion f requency has been found (Chapter  6 ,4) .  A model  o f
water  re laxat i .on on the bas is  o f  a  h indered ro ta tor  (chapter  ? .3)
shows that  about  15 percent  o f  the exper imenta l  t ransfer  enrro-
pies are suff icient to bring about the relaxation frequency shif ts
actua l ly  observed.  The major  par t  o f  the ent ropy ef fec t  w i l l  p rob-
ably be due to a hindering of translat ional motions, which are
a lso s lowed down.  we can a lmost  cer ta in ly  conc lude,  however ,
that the entropy effects underlying hydrophobic interaction are of
dynami.c nature and can not be ascribed to the existence of high-
ly  immobi l ised cages of  water  molecu les around hydrophobic
g roups .
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