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 :N  ACETYLACETONE:  DISSOCIATION  OF  SOME  WEAK

AUTOPROTDLYSIS  coNSTA)TT  OF  THE  SOLVENT
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             The  dissociation  and  homoconjugation  constants  ot  2,5-dichlo-

        robenzenesultonic,  p-toluenesultonic,  methanesultonic  and  picric
                                        e

        acids  have  been  determ ±ned  at  25  C  ±n  acetylacetone  by  cgnducto-

        rnetry  and  potentiometry,  and  compared  with  those  in other  solvents.

        The autoprotolysis  constant  (Ks) et  acetylacetene  was  estimated

        potentiometrically  with  a  glass  
electrode

 (pKs =
 19-3)･

     Acetylacetone  (2,4-pentanedione)  is  one  of  B-d±ketones  which  have  widely  been

used  as  chelating  reagents,  As a  solventl'2),  it is a  protic  and  less  bas ±e  sol-
                                                            o

vent  with  a  relatively  high  dielectric  constant  (27.20 at  25  C),  and  most  ot  the

1-1  electrolytes  in  acetylacetone  are  tairly  well  dissociated,  In the  solvation

ot  acetylacetone  to-vards  ions,  acetylacetone  as  well  as  alcohols  such  as  ethanol

and  2,2,2-trltlueroethanel  ±nteraets  eftectively  with  small  anions  such  as  chloride

and  bromide  through  hydrogen  bonding  based  on  the  enel  torm  ot  the  solvent,  but

cat ±ons  are  not  strongly  solvated  in  this  solvent  like  in  2,2,2-triflueroethanol

and  acetone.

     rn this  short  communication  are  reported  the  disseeiation  equilibria  in  ace-

tylacetone  ot  2,5-dichlorobenzenesultonic,  p-toluenesulfonic,  methanesultenic  and

picric  acids,  and  the  calibration  of  a  glass  electrode  in  mixtures  of  these  weak

aeids  with  their  tetraalkylammonium  salts.

Cenductametric  measuremente

     The  d±ssociation  equilibria  of  E  -veak  acid,  HA,  in nonaqueous  solvents  are

generally  expressed  as  follows,

     (1) HA  e  H'  +  A-  K(HA)=  [H'][A-]t2/[HA]

     (2) A'  +  HA  F=)  HA2'-  K(HA2  )=  [HA2 ]1[A][HA]

     (3) HA  +  HA  
A"

 H'  + HA2-  K( 2HA)  =  K( HA),  K( HA2-)

where
 K(HA),  K(HA2  ) and  KC211A) 

are
 
the

 
d ±ssoctation,

 
homoconjugatten

 
and

 
overall

dissociation  constants,  and  other  sy[ribols  bave  their  usual  meanings.

     The  molar  conduetivities  ot  p-toluenesultonic  and  methanesulronic  aci'ds  are
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very  small  and  hardly  vary  with  their  coneentrations  (for example,  the  molar  con-

ductivities  of  methanesultonic  acid  are  (o.7o - o.ss)  s cm2  n)ol-1  ±n  the  concen-

tration  range  of  (io-3 - lo-2)  moi  dm-3),  indicating  that  the  dissociation  ot

these  acids  occurs  according  to  equatton  (3). The  pK(2HA)  values  were  calculated

by  the  conventional  method3)  and  found  to  be  4.0  and  3.7  tor  methanesultonic  and

p-toluenesultenic  aeids,  respectively.  The  conductivity  data  of  2,5-dichloro-

benzenesulfonic  acid  were  treated  by  the  French  and  Roe  methed4)  to  yield  pK(HA)  =

5.1  and  K(HA2-)  =  8.4  x  102. The  application  of  this  method  to  the  solution  of

picric  acid,  however,  shows  that  picric  acid  does  not  homoconjugate  in aeetyl-

acetone  as  wen  as  in  propylene  carbonate  and  acetonitrile3).

Potentiometric  measurements

    Potentiometric  measurements  were  pertormed  with  a  glass  electrode  in  mtxtures

ot  2,5-dichlorobenzenesulfonic,  p-toluenesultontc,  methanesulfonic  and  picric  aeids

with  their  tetraalkylatxmioniurn  sElts.  From  cenductometrie  measurements,  these

tetraalkylamr[)onium  salts  are  tound  to  be practically  completely  dissociated  in

acetylacetone.

   o
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1 Potential  of  a  glass  electrode  vs  log(Ca/Cs)  plots  fer  some  weak  actds

   in  acetylacetone

    O  H-DCBS  +  Et4N-DCBS;  O  H-PTS  +  Bu4N-PTS;

    O  H-Pic  + Et4N-Pic;  e  H-MS  + Bu4N-MS;
                                                   -3
  E 

=
 potential  of  a  glass  eleetrode  vs  Ag/O.05  mol  dm                                                      

AgCle4,

      o.os  mol  dn-3  Bu4Nclo411o.1  mol  dn-3Bu4NCI04;

   DCBS  
=

 2,5-dichlorobenzenesultonate;  PTS  
=

 p-toluenesulfenate;

  Pic  =  picrate;  MS  
=

 methanesulfonate;

   gg : :g::::tr.:::." gi :2:k..::l:,gj'i:O:,I.ig12,,M?l,El`3l'il6'; ,.-3).
2 Calibration  plot  of  a glass  electrode  in  acetylacetone

   (Abbreviations and  symbols  are  the  same  as  in  Fig.  1)
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     Figure  1 shows  the  relation  between  the  potential  ot  a  glass  electrode,  E,

and  log(CalCs),  where  Ca  and  Cs  denote  the  concentrations  of  these  weak  acids  and

their  tetraalkylammonium  salts,  respectively.  In the  mixture  of  picric  acid  with

tetraethylamnonium  picrate,  a  linear  relatton  wtth  a  slope  of  59  mV  is  obtained

as  shown  in Fig.  1, which  shows  that  the  glass  electrode  used  responds  theoreti-

cally  to  the  activity  ot  hydrogen  ion,  a(H+),  and  that  the  homocanjugation  does

not  occur  in  this  mixture.  In  the  other  mixtures,  however,  the  relations  between

E
 

and
 
log(CalCs)

 
apparently

 
deviate

 
from

 
the

 
straight

 
line

 
with

 
a
 
slope

 
of

 
59

 
rnV.

From  the  degrees  of  this  deviation3),  values  of  K(HA2-)  for  2,5-dichlorebenzene-

sultonic,  p-toluenesultonic  and  methanesulfonic  acids  were  calculated  to  be  6.0  x

lo2,  1.o  x  lo3  and  7.s  x  lo3,  respectively.  Thus,  the  pK(HA)  values  of  p-tolu-

enesultenic  and  methanesultonic  acids  were  deterrnined  to  be  6.7  and  7.9  by  using

the  K(2HA)  values  obtained  conductometrically.  The  pK(HA)  value  of  picric  acid

was  7,7  as  estimated  spectrophotometrically3)  in  the  mixture  of  methanesultonic

acid  with  tetrabutylammonium  methanesulfonate.

                               - +

    By  using  the  K(HA)  and  K(HA2  ) values  thus  obtained,  the  pa(H  ) values  in

the  above  mixtures  were  calculated3)  and  plotted  vs  E  in Fig.  2: E =  O.085  +

O.059  leg  a(H+).  A  good  linear  relation  was  also  obtained  in  the  selut ±on  of

tetrabutylammonium  aeetylacetonate  (Bu4N-AA): E  
=

 
-1.056

 
-
 O.e59  log  a(AA  ). So

the  autoprotolysis  eonstant  (Ks) ot  acetylacetone  was  estimated  from  the  tollow-

ing
 
relation,

 
O.085

 
+
 
O.059

 
log

 
Ks

 
=
 
-1.056,

 
the

 pKs  
value

 
oi

 
19.3

 
being

 
found.

Salvent  effeet  on  dtssociatton  equtZib?ia

    
The  pK(HA)  and  K(HA2  ) values  in  acetylacetone  are  presented  in  Table  1

together  with  those  in  propylene  earbonate  and  acetonitrile.  The  pK(HA)  values

in  aeetylacetone  are  somewhat  smaller  than  those  in  other  two  solvents.  This  is

reasonably  attributed  to  the  hydrogen  bonding  ability  of  acetylacetone  towards

anions  based  on  the  enol  form,  considering  that  the  dielectric  constant  of  ace-

tylacetone  (27.20) is  much  smaller  than  that  of  propylene  carbonate  (64.4) and  a

little  smaller  than  that  of  aceton ±trUe  (35.95), and  that  the  solvation  ability

Table
 1 pK(HA)  and  K(HA2  ) values  of  some  

weak
 acids  in  acetylacetone,

         propylene  carbonate  and  acetonitrUe

Acetylacetone

pK(HA)  K(HA2  )propylene

 carbonate3)

 pK(HA)  K(HA2  )

 AcetonitTile3)

pK(HA)  K(HA2  )

2,5-Dichloro--

benzenesulfonic

p-Toluenesulfonic

Picric   'Methanesulfonic

5.16.77.77.9 6001000

 fi.  o7800

4.96.45)

9.28.3

 47017oo5)

 r-O2500

 6.2

 s.o5)

ILO10.1

 300

 7go5)

  23000
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of  acetylacetone  towards  cations,  that  is, the  basicity  of  acetylacetone  is rather

weaker  than  that  ot  these  two  solventsl'2).

     The  K(HA2  ) values  in  acetylacetone,  on  the  other  hand,  are  also  nearly  equal

to  those  in  other  aprotic  solvents.  This  apparently  inconststent  solvent  property

of  acetylacetone  may  be  due  to  the  intramolecular  hydrogen  bonding  in  the  enol

form  whieh  appreciably  reduces  the  acidity  of  acetylacetone  as  well  as  the  basicity,

Consequently,  the  acidity  of  acetylacetone  is  not  so  strong  as  to  stabilize  anions

by  hydrogen  bending  to  a  great  extent,  and  the  undissociated  weak  acids,  whose

hydrogen  bonding  ability  is rather  stronger  in  a  less  basic  solvent  acetylacetone

than  in propylene  carbonate  and  acetonitrile,  homoconjugate  their  anions  excluding

the  relatively  weakly  solvated  molecules  of  acetylacetone.  Thus,  acetylacetone  is

found  to  be  practically  a  less  basic  and  less  acidic  solvent  ±n  the  dissociation

of
 
weak

 
acids,

 and  the  pKs  value  of  19.3  may  be  considered  to  be  a  reasonable  one

in  this  sense.

     The  solvent  properties  of  acetylacetone  in acid-base  equilibria  wtll  be

discussed  later  in  detail.
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