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CHAPTER I I I

RESULTS, DISCUSSION AND CONCLUSION

3 .1  G e n e ra l F e a tu r e s

3 .1 .1  S o lu t io n  s p e c t r a  o f  m e ta l a c e ty la c s to n a te s

G e n e r a l l y , m o s t o f  th e  m e ta l a c e ty la c e to n a te s  e x h ib i t  
3 bands i n  th e  u l t r a v i o l e t  r e g io n  ะ

2 2 0 -2 ^ 0  771/.. ( v a r y in g  i n t e n s i t i e s ) ,

3 0 0 - 3 5 0  ( v a r y in g  i n t e n s i t i e s ) .
The 2 2 0 -2 ^ 0  n y  band i s  a s s ig n e d  as 3<j t r a n s i t i o n

w h ic h  in v o lv e s  th e  t r a n s f e r  o f  an e le c t r o n  fro m  th e  l ig a n d  to  
th e  m e ta l .  The band n e a r  2 7 0  r 'VA i s  a s s ig n e d  as th e  tf--> 
t r a n s i t i o n .  The 3 0 0 - 3 5 0  band i s  a s s ig n e d  as 3d —=7 7IU
t r a n s i t i o n ,  w h ic h  in v o lv e s  th e  t r a n s f e r  o f  an e le c t r o n  f ro m  th e  

m e ta l t o  th e  l ig a n d .
I t  i s  i n t e r e s t i n g  to  n o te  t h a t  s t r o n g  p e a ks  i n v o lv in g  

m e ta l t r a n s i t i o n s  ( m e ta l  «“-•■ ligand) c o r re s p o n d  to  s t r o n g  fo r c e  

c o n s ta n ts  o f  m e ta l-o x y g e n  b o n d .^  (s e e  F ig .  3 )

C om p lex F o rc e  c o n s ta n t ( d y n e s /c m )

2 7 0  rp A  ( v e r y  s t r o n g  i n t e n s i t i e s ) ,  and

Co ( I I I )
C r ( I I Ï )

น ( I I )

2 . 3  X  1 0 5 

z . k  X 1 0 5  

2 . 2  X 1 0 5

2 . 6 5  X  105Pd ( I I )
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F ig .  3  T y p ic a l u l t r a v i o l e t  s p e c t r a  © f C u (A c A c )2 ,P d (A © A e )2 t C r(A e A © )3# 
and C o(A cA c)^ .



20w eak fo r c e  c o n s ta n ts .
And t h e  weak m e t a l  t r a n s i t i o n  p e a k s  ( F i g . 4 - 8 , 1 2 , 1 3 )  c o r re s p o n d  to

C om p lex F o rc e  c o n s ta n t  (d y n e s /c m )

Mn ( I I ) ๆ . 3 X 105
Zn ( I I ) ๆ . 3 X า0 5
Co ( I I ) 1 .5  X า อ 5

Mn ( I I I ) 1 .6  X 105
T e  ( I I I ) 1 . 7  X  า05
N i ( I I ) 2 .0  X  105

3 . 1 . 2  S o lu t io n  s p e c t r a  o f  (A c A c )

The s p e c t r a  i n  th e  u l t r a v i o l e t  r e g io n  f o r  (A c A c ) shows 
o n ly  one s t r o n g  band a t  2 7 0  T t y * . ( IT —> ไ'' )  .  When th e  

a c e ty la c e to n a te  i s  c h e la te d  to  th e  m e ta ls ,  th e  u l t r a v i o l e t  

spec turn show tw o  e x t r a  bands (2 2 0 -2 4 0  , 3 0 0 -3 5 0  V1/ M )
p lu s  one o r  tv /o  weak s h o u ld e rs  i n  some m e ta l a c e t y la c e to n a te s .  
T h is  i n c i d e n t a l l y  s u p p o r t  th e  above  a s s ig n -m e n ts  c o n c e rn in g

m e ta l t r a n s i t i o n s 61-— 3 ฝ 1 3 d 9 II L .
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C l a s s i f i c a t i o n  o f  S o lv e n t s .

S o lv e n t
C l a s s i f i c a t i o n

P o la r i t y H -bonding C o o r d in a tio n

I s o o c ta n e
Heptane
Hexane
C ycloh exane
D ioxane
C hloro form
D ie h lo r  orne th an e
D ic h lo r o e th a n e
n -B u ty l a lc o h o l
I s o -p r o p y l  a lc o h o l
n -P ro p y l a lc o h o l
E th y l a lc o h o l
M ethyl a lc o h o l
Water

A

N on -p o lar

ง/A

P o la r

Non H -bonding

A

H -bonding

V

N on-co
in g

o r d in a t

C o o r d in a tin g



1 6

F ig .  ^ The u l t r a v i o l e t  sp e c tru m  o f  N K A o A e ^ t
--------- i—— t i n  he xan e ;
----------------  1 i n  e t h y l  a lc o h o l .

F ig .  5 The u l t r a v i o l e t  sp ec trum  o f  N i(AcAc> 2 *
---------------  f  i n  c h lo ro fo rm ;

_  _________, i n  m e th y l a lc o h o l .
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F ig .  6 The u l t r a v i o l e t  sp ec trum  o f  CoCAcAc)^*
___________ f i n  c y c lo h e x â n e }
__________  « in  w a te r .

1 i n  ie o o c ta n e ;
-----------------  « i n  n - p ro p y l a lc o h o l .
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F ig .  8 The u l t r a v i o l e t  sp e c tru m  o f  M n tA c A c ^ î
__________  , i n  ‘h e p ta n e ;
---_  _ ------1 in  m e th y l a lc o h o l .

F ig .  9 The u l t r a v i o l e t  spec trum  o f  Cu (A cAc ) 2  Î
---------------------  , i n  he xan e ;
--------------- — , in  w a te r .
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-------------- -—  1 i n  he xan e ;
-------------------  f  i n  m e th y l a lc o h o l .

----------------  1 i n  is o o c ta n e ;
-----------------  , i n  m e th y l a lc o h o l .

U s  .
I V  A.K . X
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F ig .  12 The u l t r a v i o l e t  sp ec trum  o f  M n(AcAç)^î
....... ...... . 1 1 t i n  h e xa n e î
-----------------  1 i n  n - b u t y l  a lc o h o l*

F ig *   ๆ3  The u l t r a v i o l e t  epeotrum  o f  F e (A c A c )^ :
------------ —- , i n  h e xà n e j
___________  t i n  e t h y l  a lc o h o l .
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00  2 2 0  24o 26 0  28 0  300  3 20  3 *f0

F i g . 14 The u l t r a v i o l e t  sp ec trum  o f  C r(A cA c)^  ใ 
1-  ■ ,-.■ 11 f i n  hexane 5

--------,  i n  e t h y l  a lc o h o l .

F ig .  1 5  The u l t r a v i o l e t  sp ec trum  o f  C o (A c A c )j ะ
— _________ 1 i n  he p ta ne  $
___________„  1 i n  m ethy l a lc o h o l .



T ab le  ๆ

S o lv e n t S h i f t s  o f  A c e ty la c e to n a te

S o lv e n t X  Cry*) A A ( m/*)

I s o o c t a n e 2 7 0 0

H e p ta n e 2 7 0 0

H e x a n e 2 7 0 0

C y c lo h e x a n e 271 + 1

D io x a n e 271 + 1

C h lo r o f o r m 2 7 3 +3
D ic h lo r ç m e . th a n e 2 7 2 +2
D ie h lo n c e t h a n e 2 7 2 +2

ท!-B u t y l  a l c o h o l 2 7 4 + 4

I s o - p r o p y l  a l c o h o l 2 7 4 +4

n - P r o p y l  a lc o h o l 2 7 3 +3
E t h y l  a lc o h o l 2 7 3 +3
M e t h y l  a lc o h o l 2 7 2

W a te r 2 7 4

- .. . 1'.
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T ab le  2

S o lv e n t S h i f t s  o f  N i (ii-cAc) 2

!
S o lv e n t

> 1(  ,๙' >
A
(  ) > 2

C ((เ ’̂/*')

I a o o c t a n e 2 7 0 0 2 9 6 (3 1 5 )  * 0,

H e p ta n e 2 7 2 + 2 2 9 6 ( 5 1 5 ) 0

He x a n e 2 7 0 0 2 9 6  ( 3 1 5 ) 0

C y c lo h e x a n e 2 7 0 0 2 9 6  ( 3 1 4 ) 0  ( - 1  )

D io x a n e 2 7 4 + 4 2 9 6  ( 5 1 0 ) 0  ( “ 4 )

C h lo r o f o r m 2 ? 4 +4 2 9 5  (3 1 2 ) - 1 ( - 3 )

D ic -h lo ro m  e th a n e 2 7 4 + 4 2 9 5 ( 3 1 3 ) - 1 ( - 2 )

D i c h i o r 0 e th a n e 2 7 3 +3 2 9 5 ( 3 1 * 0 - 1  ( - 1 )

n - B u t y l  a lc o h o l - - 2 9 4 ( 3 1 0 ) - 2  ( - 5 )

I s o - p r o p y l  a l c o h o l - - 2 9 4 ( 3 1 0 ) - 2  ( - 5 )

n - P r o p y l  a l c o h o l - - 2 9 4 ( 3 1 0 ) -2 ( - 5 )

E t h y l  a l c o h o l - - 2 9 3 ( 3 1 0 ) - 3  ( - 5 )

M e t h y l  a l c o h o l - - 2 9 5 ( 3 1 0 ) . - 1  ( - 5 )

W a te r ; - 2 9 5 ( 3 1 0 ) - 1  ( - 5 )

*B a n d  w h ic h  a p p e a r  a s  s h o u ld e r s  o r  i n f l e x i o n s  on  th e  s id e

o f  a  m o re  in t e n s e  b a n d  a r e  e n c lo s e d  i n  p a r e n th e s e s



T ab le  3

S o lv e n t S h i f t s  o f  C o (A c iic ) 2

S o lv e n t X
( ไ

£.x
CmA')

I s o o c t a n e 2 7 2 0

H e p ta n e 27^ + 2

H e x a n e 27^ +2

C y c lo h e x a n e 2 75 +3

D io x a n e 2 63 - 9
C h A c ro fo rm 2 7 9 +7
D ie  h i o  r  or. e th a n e 2 75 +3

D ic h lc r o e t h a n e 2 7 3 + 1

n . - B u t y l  a l c o h o l 2 8 3 + 11

I s o - p r o p y l  a lc o h o l 2 8 3 + 11

n - P r o p y l  a l c o h o l 2 8 3 + 11 j

E t h y l  a l c o h o l 282 + 10

M e t h y l  a l c o h o l 2 8 3 +11

W a te r 2 ร 9 + 17



T ab le  k

S o lv e n t S h i f t s  o f  Zn.(Ac/i-c) 2

S o lv e n t X
( YV’ /*4 ) ( ' พ ํ)

I s o o c t a n e 271 0

H e p ta n e 2 7 2 +1

H e x a n e 271 0

C y c lo h e x a n e 271 0

D io x a n e 2 7 3 + 2

C h lo r o f o r m 27^+ +-3

D ic h lo r o u e t h a n e 27^  •. ' . +3

D ic h lo r o e t h a n e 27^ +3

n - B u t y l  a lc o h o l 28 3 + 12

I s o - p r o p y l  a lc o h o l 28 3 + 1 2

n r - P r o p y l  a l c o h o l 28 3 + 12

E t h y l  a lc o h o l 2 8 3  . + 1 2

M e t h y l  a l c o h o l 2 8 -̂ + 13
W a te r 289 + 18
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T ab le  5

S o lv en t S h if t s  o f MnCAcAc)^

S o lven t *
c c ry )̂

Isoocta n e  
Heptane 
hexane 
Cyclohexane 
Dioxane 
Chloroform  
Dichlorom ethane  
D ieh loroethane  
n -B u ty l a lco h o l 
Iso -p r o p y l a lco h o l 
n-Propyl a lc o h o l  
E th yl a lc o h o l  
Methyl a lco h o l 
Water

2 7 0 ( 3 1 0 ) 0

2 7 1 0 3 1 1  ) + 1 ( - ; . i )

271 ( 3 1 3 ) + 1 0+2-)
271 ( 3 1 2 ) + 1 (+ 2 )

2 7 2 +2

2 7 3 +3

2 7 3 +3

2 7 3  ( 3 1 2 ) + 3 (+ 2 ) -

2 9 2 (3 0 5 = ) ' + 2 2 ( - 5 )

291 (3 0 5 .) + 2 1 C -5 )

2 9 2  ',(3 0 7 ) + 2 2 ( - 3 )

291  : ( 3 0 5 ) +21 ( -5 ) . '

2 9 2  ( 306',) + 2 2  ( -^ .) ,

292 + 22
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Tab le  6

S o lv e n t S h i f t s  o f  Cu(iiO uc) 2

S o lv e n t

.
a X*

(
X 1

£v<%M )
a VĈja) C พรa)

—
h Xj 
0 * * - )

I s o o c t a n e 244 0 294 0 (305)* 0

H e p ta n e 244 0 294 0 (305) 0

H e x a n e 244 0 294 0 (305) 0

C y c lo h e x a n e 245 +1 294 0 (305) 0

D io x a n e - - 294 0 (305) 0

C h lo r o f o r m - - 295 + 1 (305) 0

D ic h lo r o m e t h a n e 245 + 1 294 0 (305) 0

D ie h lo r o e t h a n e 245 +ๆ 295 +า (305) 0

n - B u t y l  a lc o h o l 243 -1 293 - า (305) 0

I s o - p r o p y l  a lc o h o l 242 -2 293 -1 (305) 0

n - P r o p y l  a lc o h o l 242 -2 293 -1 (305) 0

E t h y l  a lc o h o l 242 -2 294 0 (305) 0

M e t h y l  a lc o h o l 240 -4 293 -ๆ (305) 0

W a te r
! 1 
J___________________________i

238 -6 293 -ๆ (305) 0
I

*  ' B an d  w h ic h  a p p e a r  a s  s h o u ld e r s  o r  i n f l e x i o u s  o n  t h e  s id e  o f

a  m o re  i n t e n s e  b a n d  a r e  e n c lo s e d  i n  p a r e n t h e s e s .
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T ab le  7

S o lv e n t S h i f t s  o f  PcKA cAc )^

S o lv e n t  ̂t
c ( K"-**-")

^ ไ.
(โ พ.')

A  ^  L
(_ ไทท//l)

> 5
£ พ! A»)

4  >5
C >rv )

I s o o c t a n e 226 0 (250) 0 328 0

H e p ta n e 226 0 (250) 0 328 0

H e xa n e  \ 226 0 (250) 0 328 0

C y c lo h e x a n e 226 0 (250) 0 328 0

D io x a n e - - (250) 0 325 -3

C h lo r o f o r m - - (250) 0 326 -2

D io b lo r o fn e  th a n e - - ( 2 5 0 ) 0 325 -3

D i e h l o t 00 th a n e - - (250) 0 327 -1

n - B u t y l  a l c o h o l 225 -1 (250) 0 326 -2

I s o - p r o p y l  a l c o h o l 225 - า ( 2 5 0 ) 0 326 -2

n - P r o p y l  a lc o h o l 2 2 k -1 (250) 0 325 -3

E t h y l  a lc o h o l 2 2 k -ๆ (250) 0 325 -3

M e t h y l  a lc o h o l 2 2 k -ๆ ( 2 5 0 ) 0 325 - 3
W a te r ■■

!1
(2^5) j -5 322 -6

* B a n d  w h ic h  a p p e a r  a s  s h o u ld e r s  o r  i n f l e x i o n s  o n  t h e  s id e  o f  a

m o re  in t e n s e  b a n d  a r e  e n c lo s e d  i n  p a r e n t h e s e s .

I



T ab le  8

S olven t s h if t s ,  of Mn(AcAc),

1

S olven t
ท

( *> )

XL
!  + ๅ, )

j
t  X i j 

(rv* )

Isooctan c 268 0 3 1 9 0

Heptane 269 + 1 3 1 9 0

Hexane 268 อ 3 1 9 0

Cyclohexane 2 7 0 + 2 3 1 9 อ

Dioxane 271 +3 3 1 9 0

Chloroform 2 7 2 + k 3 21 :-3

Dichlorom ethane 2 7 3 +5 321 + 3

dichloroetihane 2 7 2 +4 321 +3

n -B u ty l a lc o h o l 2 7 ^ +6 3 1 0 -9

Iso -p r o p y l a lc o h o l 2 7 8 +10 3 1 0 - 9

n-Propyl a lc o h o l 291 +23 310 -9

E th yl a lc o h o l 273’ +5 3 1 0 - 9

Methyl a lc c lh o l 2 7 1 +3 3 1 0 - 9

Water 20 3 + 15 - l

J______
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T ab le  9

S o lv e n t S h i f t s  o f  Fe(AcAc)^

S olven t A i
c "'V*-')

AX, > 1
( ( '^ )

>3
c Y* Aa )

A

c rn/M')

Isoocta n e (237)* 0 271 0 352 0

Heptane (237) 0 271 0 352 0

Hexane (237) 0 271 0 352 0

Cyclohexane (236) -1 272 + 1 352 0

Dioxane (236) -1 273 + 2 352 0

Chloroform - - 273 +2 352 0

Diehiorom ethane - - 273 +2 352 0

D ich loroethane - - 273 + 2 352 0

n -B u ty l a lco h o l (235) -2 272 + 1 352 0

Iso -p ro p y l a lco h o l (235) -2 272 + 1 350 -2

n-Propyl a lco h o l (235) -2 272 + 1 349 -3

E thyl a lco h o l (235) -2 272 + 1 349 -3

Methyl a lco h o l (235) -2 273 +2 349' -3

Water - 27*+

1- ----  -----

+3

— .............

349 !

I
- 3 ‘

i
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T ab le  10

S o lv e n t S h i f t s  o f  C r(A cA c )^

S olven t
( "  IM- )

A >| X ,
C ''ๆ /̂  ')

(ร่  ̂1 
( J'vy') >1

<: •'•’/O ( ^M)

Iso o cta n e 254- 0 271 0 335 0
Hoytane 25^ 0 271 00 335 0
Hexane 25^ 0 271 0 335 0
Cyclohexane 255 +1 271 0 335 0
Dioxane 25^ 0 271 0 33 -̂ -1

Chloroform 255 +ๆ 273 +2 335 0
Dichlorom ethane 255 ■ +1 272 + 1 33^ -1
D ieh loroethane 255 +1 272 + 1 33i+ -1.

n-rButyl a lc o h o l 2 55 +1 271 0 323 -2
Iso -p r o p y l a lc o h o l 2 55 +1 27C -1 333 -2
n -p rop yl a lc o h o l 2 r 5 +1 2 7 0 -1 331
E th yl a lc o h o l 25.5 V 1 270 -1 331 -b
Mathyl a lc o h o l 2 55 +1 270 -1 331 - b

Water 2 55 +1 270 -า 330 _5



S o lv e n t S h i f t s  o f  Co(AcAc) 3

S olven t
c r ' l/O

A X,
(  w yA ) cv> 0

A X i  
C a)

* 3
(  v^yA)

—

A >3
C "'VH

Iso o cta n e 227 0 256 0 3 25 0

Heptane 227 0 256 0 3 25 0

Hexane 228 + า 2 5 5 - 1 3 2 5 0

Cyclohexane 228 + 1 256 0 324 - 1

Dioxane 227 0 256 0 3 2 5 0

Chloroform - - 2 5 7 + -1 3 2 5 0

Dichiorom ethane - - 258 +2 324 - 1

D ich loroethane - - 258 +2 3 25 0

n -b u ty l a lco h o l 228 +1 256 0 3 23 -2

Iso -p ro p y l a lco h o l 228 +ๆ 256 0 323 -2

n-Propyl a lco h o l 229 + 2 256 0 323 - 2

E thyl a lco h o l 228 + ๆ 2 5 5 - 1 323 -2

Methyl a lco h o l 229 + 1 255 -ๆ 3 23 -2

Water 228 + 1 2 5 4 -2 323 -2
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3 <i2 S o lv en t E f fe c t study o f the Polym eric/A dducted and. 
Mon on e r ic  fipociej3_ o f  M (A c A c )p

Numerous IlCAcAcj- are lcnovm to  e x is t  as o ligom ers in
the s o l id  s t a t e  or in  s o lu t io n s  o f weakly co o rd in a tin g  

2 Lyso lv e n ts " . Some m etal ( I I ) com olexes can a s s o c ia te  in  so lv e n t
o f low co o rd in a tin g  power'3. I t  has become c le a r  th a tcu the  
ster io ch ern ica l behavior o f M(AcAc) 7, compounds o f the f i r s t -  
row tr a n s it io n  m etal (ex cep t copper) tends to  have a co o rd in a tio n  
number g r ea te r  than fo u r . Provided they have no a c c e ss  to  
a d d it io n a l donor m olecu les they tr y  to  s a t i s f y  t h i s  tendency  

by forming o ligom ers in  which th ere  are b r id g in g  oxygen atom s.
Thus in  a d d itio n  to  the trim er [ n i ( AcAc )pl 2 (N ig . ?.F) in  
which th ere  are th ree ootahedra fused  to g e th er  on th e ir  fa c e s ;

which th ere  are four
o c tn h e d ra lly  coord in ated  co b a lt atoms w ith  the ootahedra
sh arin g  e ith e r  fa c e s  or edges ( f i g .  2F ) , 'Thà t r ia e r ic

been found to  c o n s is t  o f s ix -c o o r d in a te d
and two f iv e -c o o r d in a te d  z in c  atom s. Mn(AcAo) i s  tr im er io  1



3 * f

3 -2 . 1  P o lymer and monomer egu ilib r iu m

The NiCAcAc)^ complex in  any non-coordinating s o lv e n ts  ( F ig  
k  ) e x h ib it s  a monomer-oligomer eq u ilib r iu m  which i s  in d ic a te d  

by the in t e n s i t i e s  o f the monomeric band ( 270 m/> ) and polyme
r ic  band ( 296 m/>- ) .  The in t e n s i t y  o f the polym eric band grad
u a lly  d ecrea ses  in d ic a t in g  polym eric s p e c ie s  have now become 
la r g e ly  monomeric,, [N i( AcAc)pjX i ;3 known -๐ e x h ib it  m ainly mo- 
nomers in  h igh  d i lu t io n s  ( 1 0  -  10  M ) in  n on -coo rd in a tin g

solvents^ancl 50  must r e ta in  th e ir  p lanar s tr u c tu r e s  in  so lu t io n  
w ithout in c r e a s in g th e  coord in a tion  number to  s i x . 1

I t  i s  to be noted th a t , the oligom er s p e c ie s  o f  CoCAcAc)^» 
Zn(AcAc)p and MnCAcAc)^ do net show the polymer-monomer e q u i l i 
brium as in  NiCAcAc)^. This may due to  the s o l u b i l i t i e s  o f th ese  
com plexes: the order being  Zn^+ )> Mn^+ y> Coc+ > Ni^+ o A lso the  
order o f the s t a b i l i t y  in  M(AcAc) 0 i s  Ni^> Cô > Zn7  Mn » Thus the l e s s  
s ta b le  and the more so lu b le  com plexes, can d is s o c ia t e  q u ick ly  
and e a s i ly  in  to  monomers in  d i lu t e  so lu tio n »  in  so d o in g , 
escape d e te c t io n .
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I n  n o n - c o o r d in a t i n g  s o l v e n t  ( a t  h ig h  c o n e , )  
T r im e r i c  s p e c ie s .

0 (  a l c o h o l , w a t e r )

N i ( A c A c ) 2 .2 S

( 2 9 5  rn /* -)
I n  c o o r d in a t i n g  s o l v e n t  

A d d u c te d ,  6 - c o o r d in a t e d ,  o c t a h e d r a l  s p e c ie s .

N i \
/  ^ 0

0
N i( A c A c ) 2

(2 ? 0  ryu) 1̂  _5
I n  n o n - c o o r d in a t i n g  s o l v e n t  ( a t  h ig h  d i l u t i o n  1 0 - 1 0  M .)  

^ - c o o r d in a t e d  p la n a r  s p e c ie s .

F ig .  16
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3 . 2 . 2  A d d u c te d  s p e c ie s

T h e  u v  s p e c t r a  o f  N i( A c A c ) _  i n  a  c o o r d in a t i n g  s o l v e n t  

sh o w s  a s t r o n g  b a n d  a t  2 9 1̂- myM . T h e  b a n d  a t  2 7 0  rriA w h ic h  o c c u r  

i n  n o n - c o o r d in a t i n g  s o l v e n t s ,  h a s  c o m p le t e ly  d is a p p e a r e d .  T h is  

i s  b e c a u s e  N iC A c A c jp  i s  now  f u l l y  s i x  c o o r d in a t e d .  T h e  t r i m e r i c  

u n i t s  o f  N i ( l l )  a c e t y la c e t o n a t e  a r e  b r o k e n  b y  th e  c o o r d in a t i n g  

s o l v e n t s .  A s  i n  F i g .  5 d i s s o l u t i o n  o f  N i( A c A c ) p  i n  m e th a n o l  

a c o o r d in a t i n g  s o l v e n t ,  p ro d u c e s  อ. s i x - c o o r d i n a t e d ,  p s e u d o -  

o c t a h e d r a l  c o m p le x ,  h a s  a b and  n e a r  ? s k  m u . C o o r d in a t in g  s o l v e n t s  

l i k e  a lc o h o l  a n d  w a te r  i n t e r a c t  w i t h  N i ( A c A c ) 0 t o  o c c u p y

c o o r d i n a t i o n  s i t e s  on t h e  n i c k e l  m e ta l  ะ -  N i( A c A c ) » .2 H ~ 0  o r
,  „  2 6  2 2

N i ( A c A c ) 2 . 2CH^0H

F i g .  6 p r e s e n t s  t h e  uv s p e c t r a  o f  C o ( A c A c ) p in  a n o n 

c o o r d i n a t i n g  s o l v e n t  and  i n  a c o o r d i n a t i n g  s o l v e n t .  T h e  n o n - c o -  

o r d i n a t i n g  s o l v e n t  s p e c tru m  s h o w s  a  s t r o n g  b a n d  a t  2 7 5  ท / '  (m o n o -  

•«ทe r i c  b a n d ) w h i l e  i n  a c o o r d in a t i n g  s o l v e n t ,  t h e  s p e c tr u m  

s h o w s  a  s t r o n g  b and  a t  28 3  m^i i n s t e a d  , w h ic h  i s  th e  b a n d  c o r 

r e s p o n d in g  t o  t h e  a d d u c te d  s p e c ie s  o f  C o ( AcAc ) 2 *2 S  e g .

C o (A c A c ) p . 2HpO 2 6 , 2 '

T he  UV s p e c t r u m  o f  Z n (A c A c )_  i n  a n o n - c o o r d in a t i n g  s o l 

v e n t  a n d  i n  a c o o r d in a t i n g  s o l v e n t  i s  sh o w n  i n  F i g .  7 

I n  c o o r d in a t i n g  s o l v o n t s (  a l c o h o l ,  w a te r  ) t h e  s p e c t r a  sh o w  a

b a n d  a t  2 8 3  m u  w h ic h  i s  a s s o c ia t e d  v / i t h  t h e  a d d u c te d  c o m p le x
7  “  2 6

Z n (A c A c ) ,2 S  e g . Z n ( A c A c ) p . 2H pO . And t h e  b a n d  a t  2 7 1  w h ic h  

a ssu m e d  t o  bo a s s o c ia t e d  w i t h  m o n o m e r ic  Z n (A c A c )  d is a p p e a r e d  .



37

F ig  . 8 p r e s e n t s  th e  uv s p e c t r a  o f  M n (A c A c )  i n  a 

n o n - c o o r d in a t i n g  s o l v e n t  and  a c o o r d in a t i n g  s o lv e n t »  T h e  com p a

r i s o n  o f  M n (A c A c )p  i n  b o th  s o l v e n t s  sh o w  t h a t  i n  n o n - c o o r d in a 

t i n g  s o l v e n t ,  t h e  b and  n e a r  2 7 0  ny* i s  a s s o c ia t e d  w i t h  m onom er 

M n C A c A c )-,. And i n  t h e  c o o r d in a t i n g  s o l v e n t ,  th e  s p e c t r u m  sh o w s  

a b and  a t  292  ทน» o n l y .  T h is  i n d ic a t e s  t h a t  m o s t o f  t h e  s p e c ie s  

a r e  a d d u c te d  t o  t h e  c o o r d in a t i n g  s o l v e n t  m o le c u le s  

e g . M n (A c A c ) ^ .211^0

T h e  a s s ig n m e n ts  o f  t h e  m o n o m e r, p o ly m e r / a d d u c t  b a n d s  a r c  

now p r e s e n t e d  i n  t h e  f o l l o w i n g  t a b l e  .

A s s ig n m e n t  o f  m onom er a n d  p o ly m e r / a d d u c t  b and  o f f  M C A cA c )^ )

C o m p le x m onom er
^ - c o o r d in a t e d  b and  (rry -)

p o ly m e r / a d d u c t  
6 - c o o r d in a t e d  b a n d  ( r r / 1)

N i(A c A c ) _ 270 296
Mn(AcAc)p 270 292
C o ( A c A c ) „ 272 283
Zn(A c A c )_ 271 283
C u (A c A c )p 295 —

P d ( A c A c ) 2 250 --- ---
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I t  i s  t o  be n o te d  t h a t  n e i t h e r  C u (A c A c ) 2 n o r  P d (A c A c )  

fo rm , a d d u c t s ,  b e c a u s e  t h ë i r  p r e f e r r e d  v a le n c e  i s  f o u r .  A ls o  

P d (A c A c )p  d o e s  n o t  fo r m  p o ly m e r s .  F i g .  ๆ0  sh o w s  t h a t  t h e  

uv s p e c t r u m  ôf P d (A c A c )p  i n  a n y  n o n - c o o r d in a t i n g  a n d  c o o r -

' d i n a t i n g  s o l v e n t s  a r e  s i m i l a r .

T h e  UV s p e c tr u m  o f  C u (A c e c )  i s  sh o w n  i n  F i g  .  9

C u (A c A c )2 fo r m s  a , d im e r  C u (A c A c ) 2 1, b u t  th e  o b s e r v e d  u v

s p e c tr u m  o n ly  s h o w s  o ne  b and  a t  290  md i n d i c a t i n g  t h a t  t h e  d i 

m e r a n d  m onom er h a v e  th e  sam e b and  f r e q u e n c y .  T h is i s  n o t  s u r 

p r i s i n g  1 s in c e  th e  s t r u c t u r e  o f  t h e  d im e r  i s  v e r y  s i m i l a r  t o  

t h a t  o f  t h e  m o n o m e r. The b r id g e  t o  fo r m  a d im e r  | c u ( A c A c ) ^ „  

i s  t h r o u g h  c e n t r a l  c a rb o n  a to m  o f  t h e  l i g a n d ;  u n l i k e  o t h e r  o l i 

g o m e rs  w h ic h  a r e  b r id g e d  v i a  t h e  o x y g e n  a to m s  o f  t h e  l i g a n d  .



3 9

3 . 2 . 2  S um m ary

By c o m p a r in g  t h e  u l t r a v i o l e t  s p e c t r a  o f  M C A cA c)^  i n  n o n -  

c o o r d i n a t i n g  a n d  c o o r d i n a t i n g  s o l v e n t s ,  \ l e  h a v e  b e e n  a b le  t o  

c o n c lu d e  t h a t  t h e  s p e c t r a  o f  I-i( A c A c ) 2 ., w i t h  t h e  e x c e p t io n s  o f  

Cu ( A c A c )2  and  P d (A c A c ) 2 . i n  n o n - c o o r d in a t i n g  s o l v e n t s  sh o w  m ono

m e r ic  ( ^ - c o o r d in a t e d  ) s p e c ie s  and  i n  s o l u t i o n  o f  c o o r d in a t i n g  

s o l v e n t s  m o s t o f  t h e  s p e c ie s  a r e  ( 6 - c o o r d in a t e d  ) o c t a h e d r a l  

s p e c ie s »  T he  b and  w h ic h  o c c u r s  n e a r  2 7 0  U u  i s  a s s ig n e d  a s  th e
-TT *  M ■น t r a n s i t i o n  a n d  i t  i s  a s s o c ia t e d  w i t h  m o n o m e r ic

T
s p e c io S o  T h e  b a n d  n e a r  290  m /' c o r r e s p o n d s  t o  t h e  JT -**■ » Î 1. 

t r a n s i t i o n  i n  s i x - c o o r d i n a t e d  p s e u d o - o c t a h e d r a l  m e t a l ( I l )  com 

p le x e s ,  w h e re  t h e  c o o r d i n a t i o n  a b o u t  t h e  m e t a l  a r i s e  f r o m  e i t h e r  

p o l y m e r i z a t i o n  o r  a d d u c t i n t e r a c t i o n  w i t h  t h e  e x c a p t io n  Ox 

C u (A c A c )2  a n d  P d (A c A c )2  =
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3 . 3  H ^ d ro g e n _ B o n d in g  o f  C H C l^  a n d  C H ^C l^  t o  

H ( A cA c ) 2 a n d  M (A c A c )^

T h e  o x y g e n  a to m  o f  a c e t y la c e t o n a t e  c o m p le x e s  a s  w e l l  a s  

t h e  c h e la t e  r i n g s  th e m s e lv e s ,  c a n  f u n c t i o n  a s  s i t e s  f o r  

H -b o n d  f o r m a t i o n .  T h e  a b i l i t y  o f  t h e s e  s i t e s  t o  f u n c t i o n  a s  

l e w i s  b a s e s  i s  s h o w n  b y  t h e  f a c t  t h a t  m any o f  t h e  M (A c A c )2 

c o m p le x e s  p o ly m e r iz e  t h r o u g h  t h e  a c e t y la c e t o n a t e  o x y g e n s .

S o l v e n t s  c a p a b le  o f  H - b o n d in g  s i g n i f i c a n t l y  p e r t u r b  

t h e  v i s i b l e  a n d  n e a r - i n f r a r e d  s p e c t r a  o f  som e m e t a l^ 3 - k e t o  

e n o la t e  c o m p le x e s .^  C l a r k  e t . a l . ^  sh o w e d  f r o m  v a p o u r  

p r e s s u r e  m e a s u rm c n t i n  h a lo m e th a n e  s o l v e n t s ,  s p e c i f i c  

i n t e r a c t i o n  do o c c u r ,  e . g .  H - b o n d in g .  X - r a y 1 p o w d e r 

p a t t e r n s  i n d i c a t e  t h a t  t h e  s o l v a t e s  o f  som e m e ta l  a c e t y la c e t o n a t e s  

e . g .  C r ( A c A c ) ^ . 2C H C 1^, F e ( A c A c ) j .2 C H C 1 j ,  h a v e  p a t t e r n s  w h ic h  

d i f f e r  f r o m  t h e  p a r e n t  c o m p o u n d s . I n  a  s y s t e m a t ic  in f r a r e d " ^  

s t u d y  o f  t h e  i n t e r a c t i o n s  b e tw e e n  C D C l^  a n d  v a r i o u s  a l c o h o l s  

w i t h  v a r i o u s  |3 - k e t o e n o l a t e  c o m p le x e s  s h o w e d  t h a t  H -b o n d  

f o r m a t i o n  do o c c u r .

We h a v e  s e le c t e d  tw o  i n t e r e s t i n g  s o l v e n t s  f o r  o u r  H -b o n d

s t u d i e s :  CHC1-, a n d  C H _C 1„ 1 , ,  ,  J ,  'ร. _  V , * î V,3 2 2 .  We h a v e  a ssu m e d  t h a t  a  c h a n g e  i n

b a n d  c o n t o u r s  i s  i n d i c a t i v e  o f  H - b o n d in g ,  a n  a s s u m p t io n  y e t

t o  be t e s t e d



3• 3 • 'I Changes in  band c o n to u rs

M n (A c A c ) .  The e le c tr o n ic  spectrum for  the M n (A c A c ) ,-------------- ------------; -J

complex h as been d icu ssed  by the p rev iou s authored The band
— rat 272. * y *  has been a ssig n ed  as the fl * 1T̂ t r a n s it io n  and

*the 31 c r?,น band as the d  -—̂ dlu t r a n s i t io n .
The uv s p e c t r a  for  M n (A c A c ) ,  in  CIÏ C l0 at v a r io u s time3 C- d.

in t e r v a ls  i s  p re -sen ted  in  F ig . 17
-iThe in t e n s i t y  o f the 318 riyU band (. ol —? d ecrea ses

as time p assed . Thé d isappearance o f t h i s  318 band
พ.?.ร com pleted v.’i t h in  one week. This su g g e s ts  th a t the 3 1 8  yvvu 
band i s  a t l e a s t  p a r t ia l ly  d istu rb ed  by the in te r a c t io n  between
the Mn(AcAc)-, complex and th e so lv e n ts  CIIC] and CÏÏ-C1 0 due3 - 3 2 2 .
to  form ation o f II-bonds.

F e (A c A c )  The ^ t r a n s i t  ion i s  l o c a t e d  at 272 น!/*
and the -j\ n t r a n s it io n  at 351 1ni'<A • F ig . 'l8 shows
the UV sp ec tra  for  Fe(AcAc)-, in  CHC3—. at v a r io u s tim e in t e r v a ls .3 3

The 351 rptA band a lso  d isappeared w ith in  one week for  
both so lv e n ts  (CHClj, CH2C1 2 ) v;h ich  again  su g g ests  .H-bond 

form ation between ï ’e (A cA c )^  and . H-bonding so lv e n ts ;
CHC1 -5, CII?CL2







0âtz»a<zosav

— 4 — . —  3 0  r» in ;  . 4 * .  » .  * .4  1 w e e k .
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N i (A c A c ) P . b e e n  d is c u s s e d

i n  p r e v io u s  s e c t i o n .  'โ,':อ  u v  ๙b s o r p t i i s p e c tru m  o f  !; i  ( Ac A c ) 2

i n  CH0 C 10 a t  v a r i o u s  t im e  i n t e r v a l , จ ( F ie ; .  2 0  ) sh o w  t î n t  a t

t i n e  -  0  ’ i n .  , t h e  s o l u t i ..US e x h i b i t s  ' o n e r e r i c  s p e c ie s  

(2 7 2  ' ry * -  b a n d )  and  o l ig o m e r ic  s p e c ie s  ( 2 9 5  T ry *  b a n d ) a t  

e q u i l i b r i a  ฯ .

A s  t im e  o r o g r e s s e e  , t h e  ฯ งท ๐'..l e r i c  s p e c ie s  p r e d o m in a te  

( i n t e n s i t y  o f  2 7 0  'ท ุ/* . i s  in c r e a s e d  w h i le  t h a t  o f  2 9 5  ’TnyP- 

i s  d e c re a s e d .  ) .  A ls o  w i t h i n  o n e  w e e k  t h e  s h o u ld e r  a t  -V  ท ุ/ *  

d is a p p e a r e d  a lm o s t  c o m p le t e ly ,  i n d i c a t i n g  H~bon C lin g .

I d e n t i c -.1 r e s u l t . ;  h a v e  b e e n  o b ta in e d .  u s : in g  C H C I,  a s  a  

E - b o n d in g  s o l v e n t .

A t  c o n c e n t r a t i o n  o f  1 0 "*^ H , N i( A c A c ) p  i n  CHOI -, sh o w  no 

o l ig o m e r  b a n d  a t  29 9  ■*V2/A- ( o n l y  2 7 0  ท ุ/ *  b a n d ) a n d  t h e  s h o u ld e r  

b a n d  a t  3 1 1  ท ุ/ *  a l s o  d is a p p e a r s  w i t h i n  o ne  w e e k .

' in  (A c  A c ) 2 . T h e  u v . a b s o r p t io n  s p e c tru m  o f  M n (A c A c )'2 

i n  s o l u t i o n  o f  C H C i-, a n d  C IIpC L0 ( w h ic h  r e c o r d e d  a t  v a r i o u s  t im e  

i n t e r v a l s )  sh o w  e v id e n c e  o f  H -b o n d  f o r m a t i o n .  I n  a 

s o l u t i o n  o f  C H C I-  , t h e  w e a k  band a t  3 1 0 m M  d is a p p e a r e d  w i t h i n  

5 m in .  a n d  i n  a s o l u t i o n  o f  CII^CLp t h e  d is a p p e a r a n c e  i f  t h e  

3 1 0  ท ุ/ *  b and  o c c u re d  w i t h i n  one h o u r  ,  o n c e  a g a in  s u g g e s t in g

H -b o n d  f o r m a t i o n



3 .3 ,2  F r e q u e n c y  s h i f t s .  T h e  uv s p e c t r u m  o f  Z n ( A c A c ) 2 a n d  

C o (A c A c )2 i n  s o l u t i o n  o f  C H C l^ jC H ^ C l^  ( F i g .  1 9 ) w h ic h  w e re  r e c o r d e d  

a t  v a r i o u s  t im e  i n t e r v a l s ,  sh o w  n o  c h a n g e  i n  b a n d  c o n t o u r s  f o r  t h e  

s i n g l e  2 7 0  b a n d  o b s e r v e d ,  h e n c e  1n o  e v id e n c e  o f  H -b o n d  f o r m a t i o n  

b a s e d  on  o u r  a s s u m p t io n .  T h i s  m ay be d ue  t o  b o th  Z n (A c A c )p  and  

C o (A c A c )2 m o n o m e rs  a r e  t e t r a h e d r a l .  T h u s  t h e  s o l v e n t  m o le c u le s  

C H C lj  1 C IL jC l^  c a n n o t  H -b o n d  t o  t h e  c o m p le x e s  w i t h o u t  e x c e s s iv e  

c r o w d in g .

H o w e v e r  , b o t h  uv s p e c t r a  s h o w  d e c is iv e  f r e q u e n c y  s h i f t s .

c o m p le x c h c i 3 CH2 C1?

Z n (A c A c ) 2 2 7 6 - 2 7 -̂ * y * ( w i t h i n 3 0 m in ) 2 7 6 - 2 7 ^ y ^ ( w i t h i n 3 0 m in )

n o  f u r t h e r  s h i f t s n o  f u r t h e r  s h i f t s

C o (A c A c )2 2 3 5 - 2 7 9  r y *  ( w i t h i n 3 0 ia i n ) 2 8 8 - 2 8 2  y y * ( w i t h i n 3 0 m in )

n o  f u r t h e r  s h i f t s 2 ๐8 - 2 7 8  ^ ( v / i t h i n  2 ^ h o u r )  

n o  f u r t h e r  s h i f t s

T h e  s h i f t  o f  f r e q u e n c ie s  d ae  be a t t r i b u t e d  t o  t h e  c h a n g e  

i n  m o le c u la r  s t r u c t u r e  i . e .  t h e  t e t r a h e d r a l  s t r u c t u r e  o f  C o (A c A c ) 2 

a n d  Z n ( A e A c ) 2 c h a n g e  t o  p la n a r  fo r m s  i n  s o l u t i o n  o f  C K C lj  , C K p C l^  

A t  t h i s  s ta g e  H -b o n d  f o r m a t i o n  i s  n o t  o b s e r v a b le .

I t  i s  in t e r e s t in g  to  n o te  th a t  i n  b o th  s o lv e n ts  C o(AcAc)2

re q u ir e s  more ene rgy  f o r  c h a n g in g ; te t r a h e d r c . lv - *  p la n a r .
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Couple:.;. CHC1 C12C1 2

Zn(AcAc) 2 2  kca l/m ole 2  kca l/m o le

C o (AcAc) 2 h kca l/m o le 6  kca l/m o le

1

One can co n c lu d e  th a t  th e  b en d in g  fo r c e  c o n ta n t C o -O -C

i s  o tr o n g e r  than  Zn-O-C w hich  agree  w ith  f o r c e  c o n s ta n t  
c a l c u l a t i o n s

Co(A cAc ) 2 -  1 .5 0  X 1ท5 dynes/cm  
Zn(AcAc)2 — ๆ . 30 X  ๆอ่^ . dynes/cra



3 O 3 • 3 C om p ound s w i t h  n o  a p p a r e n t  c h a n g e s  i n  c o n t o u r  and  

f r e q u e n c y

C o (A c A c ) , C r ( A c A c ) 2 a n d  P d (A c A c )2 d i s s o lv e d  i n  

C H C l_ ,, CH C l 0 , sh o w  no  s p e c t r a l  c h a n g e s  i n  b o th  c o n t o u r s  and  

f r e q u e n c y  a t  v a r i o u s  t im e  i n t e r v a l s  ( 1 5  r u in ,  30  m in ,  u p  t o  o n e  

w e e k ) .  T h u s ,  we c o n c lu d e  t h a t  t h e r e  i s  no  uv s p e c t r a l  e v id e n c e  

f o r  H - b o n d in g  w i t h  C H C l,, , C H ^ C l2 f o r  C o (A c A c )^ , C r ( A c A c ) ^ ,

Cu ( A c Ac ) 2 and  P d (A c A c )2 .

S u m m ary  o f  h y d ro g e n  b o n d in g  o f  m e ta l  a c e t y la c e t o n a t e s  

i n  C H C l^ , CH2 C12

M e th o d  o f  d e t e c t i o n

C o m p le x UV ( T h i s  w o r k ) V i s i b l e ^ i r 5 S o lv a t i o n ^ X - r a y

K n (A c A c )2 (C H C l CH C l 2 ) a (C D C l^ )a (C D C l3 ) a

F e ( A c A c ) J (C H C l CH2 C 12 ) a (C D C l3 ) a (C H C 1V CH2 C l 2 ) a (C H C l ) a

N i ( A c A c ) 2 (C I IC l CH2 C 12 ) a
K n ( A c A c ) 2 (C H C l CH2 C l 5 ) a

Co (A cA c ) 2 
Z n (A c A c ) 2

( C I IC l ,C H 2 C l 2 )'๖ 
(C H C l CH2 C 1 2 ) ๖ ( C D C l^ ) b (C H C l ) ๖

C r (A c A c )^ (C H C l CH? C12 ) ๖ (C H C l ) a

C o ( A c A c ) 73 (C H C l CH2 C 12 )'๖ (C D C l^ )a

C u (A d A c ) 2 (C H C l CH2 C 1 2 ) ๖ (C H C l ) ๖

P d (A c A c ) 2 (C H C l CH2 C 12 ) b

a = H -b o n d  o c c u r  w i t h  s o l v e n t  i n  b r a c k e t s ;  b = H -b o n d  do n o t  o c c u r  

w i t h  s o l v e n t  i n  b r a c k e t s .
From th e  t a b le ,  i t  can be seen t h a t  o u r a ssum p tio n  f o r  H -b ond in g
fo rm a t io n  i s  s a t i s f a c t o r y .
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3 . 3 . if N a tนr e  o f  IT “ b o n d in g

1
I t  i s  b e l ie v e d  t h a t  th e  I I~ b o n d in g  a b o v e  i s  " t r i f u r c a t e d ”  

f o r  H (A c A c )- , c o m p le x e s ,  i n  w h ic h  th e  H a to m  i s  l i n k e d  e q u a l l y  

w i t h  3 o x y g e n  a t  o ins on  an  o c t a h e d r a l  f a c e  o f  t h e  c o m p le x .

As f o r  M (A c A c )p  c o m p le x e s ,  b y  th e  same a rg u m e n t i t  i s  

" b i f u r c a t e d - „

H o w e v e r ,  H - b o n d in g  w i t h  t h e  c h e la t e  r i n g  i t s e l f  c a n n o t  

bo r u le d  o u t .

T il G d is a p p e r a n c o  . - f  t h e  ~  3 2 0  r y *  b a n d  s u g g e s ts  t h a t  s i g n i f i c a n  

i n t e r a c t i o n s  b e tw e e n  t h e  c h e la t e  r i n g  i t s e l f  r a t h e r  th a n  

0 a to m s  w i t h  C H C I- ,  CHpCLp 5 a s  i t  i s  kn o w n  t h a t  t h e  c h e la t e  r i n g  

i s  c o m p le t e ly  d e lo c a l is e d ^ a n d  a l s o  th e  C l  a to m  i s  s t r o n g l y  

e l e c t r o n e g a t i v e  t h e r e b y  d r a w in g  e le c t r o n  f r o m  t h e  c h e la t e  r i n g .

F i n a l l y  t h e  .a p p ro x im a te  m a g n itu d e  o f  t h e  J h -b o n d in g  

f o r m a t i o n  m ay be o b t a in e d  f r o m  t h e  s o l v e n t  r e d  s h i f t s  o f  th e  

ใไ —*  TTl , 270  n y *. b a n d , t h e y  a r e  t a b u la t e d  b e lo w ะ -

Complex A H H -b ond ing  (K c a l/m o le )
H i(A c  c ) - 1 .6
M n(A cA c)3 1 .2
; ท (Ache ) ๆ . 6
Fe ( Ac/'.c ) 7 0 .8

T h is  s u g g e s ts  t h e  m e th o d  o f  c a l c u l a t i o n  i s n o t  s a t i s f a c t o r y ,
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b e c a u s e  th e  v a lu e s  a r e  lo w  b y  a  f a c t o r  o f  ? . .  b . I t  i s  n o t  r e a l l y

s u r p r i s i n g  s in c e  th e  o r g a n ic  IT — r  H. r e d  s h i f t ,  c r i t e r i o n

c a n n o t  r e a l l y  be a p p l ie d  t o  t h e  i n o r g a n ic  l i g a n d - c r y s t a l  f i e l d

s y s te m  . A ls o  th e  c e n t r a l  s y m m e tr ic  f i e l d  o f  t h e  m e ta l
*

p la y s  a  p a r t  c T h e r e f o r e ,  t h e  ไโ — *  H r e d  s h i f t s  c r  t h e  
-jt-

ท — ไโ b lu e  s h i f t s  u s e d  a s  s o lo  c r i t e r i a  f o r  I l - b o n d in g

i n  t h e  i n o r g a n ic  s y s te m  a r e  s u s p e c t .
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3 .^  S o l v e n t  S h i f t s

3 .^ -01 T" band

( A c A c ) T h e  f r e q u e n c y  s h i f t  o b s e rv e d  i n  t h e  b and  ( 2 7 0 ’'ไ!'*'')

o f  ( A c A c ) ,  'T a b le  1 sh o w s  a r e d  s h i f t  o f  a b o u t  +h m/<.( 500cm  ^ ) 

on  g o in g  f r o m  n o n - p o la r  s o l v e n t  t o  p o l a r  s o l v e n t .

I t  c o n  be a d d ed  t h a t  t h e  s h i f t  in _  t h e  o r g a n ic  s y s te m
■ r

a r e  g e n e r a l l y  h ig h e r  e . g .  H -b o n d  s h i f t s  f o r  I f - * t r a n s i t i o n  

i n  m e s i t y l o x id e  i s  a b o u t  1 ,0 0 0  cm \  i n  b e n z o p h e n o n e  a b o u t  

900  cm” "' , t h e  s o l v e n t s  b e in g  m e th y l  a l c o h o l  and  e t h y l  a l c o h o l .

The  s m a l le r  f r e q u e n c y  s h i f t s  s u g g e s t  t h a t  i n t e r  a n d  i n t r a  

H - b o n d in g  a s  w e l l  a s  som e o t h e r  s o l v a t i o n  i n t e r a c t i o n s  come 

i n t o  p l a y .  T h e y  m ay a f f e c t  o p p o s i t e  s h i f t s  0 T h e  r e a s o n  

c o u ld  bo t h e  e l e c t r o n  i n  (A c A c )  a r e  a lm o s t  c o m p le t e ly  

d e lo c a l i z e d  . T h e r e f o r e  t h e  r i n g s  a s  w e l l  a s  t h e  o x y g e n  a to m s  

c a n  s e r v e  a s  s i t e s  f o r  i n t e r  H - b o n d in g  b e tw e e n  s o l u t e  a n d

s o l v e n t s  a n d  o t h e r  m o le c u la r  i n t e r a c t i o n s .
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r
hCAcAc)^ The red s h i f t  o f the TfL ^ TTl band c f

Ni(AcAc)p 1 Co(AcAc)p 1 ZnCAcAc)^ , HnvAcAc)^ are about + k  m/*
( 5^0 cm  ̂ ) , +2 ทy*.( 300 cm  ̂ ) , -:-3 myh- ( 4 07  cm  ̂ ) and +2 my*
( 3 00  cm- "' ) r e s p e c t iv e ly ,  ( Table 2 - 5  ) as the so lv e n t  changes 
from iso o c ta n e  to  d ich lor- t'v ne.H ow ever, when th ese  Ii(AcAc)? 
are d is so lv e d  in  a lc o h o ls  and water , th ose  d iv a le n t  com plexes 
form a new band at 290 m /c. T his i s  b e lie v e d  to bo an adducted  
band . The eq u ilib r iu m  of m onom ers-oligom ers o f Ni(AcAc)„ in  
n on -coo rd in a tin g  so lv e n ts  have a lread y been noted p r e v io u s ly .

The T\l  —  ̂ 7T, band for  CuCAcAc)^ ( 29^ m M  ) and Pd(AcAc)p 
( 250 m,u ) do not show ( Table 6 , 7  ) any s ig n i f ic a n t  s h i f t ธ 
in  the sp ec tra  ( w ith  the ex cep tio n  o f - 5  m/A for  PdCAcAc)^ in  
water ) o This means th at th ese  two com plexes in te r a c t  weakly 
w ith  the so lv e n t  m olecu les . A p o s s ib le  exp lan atio n  being th at  
th ese  tv/o m eta ls form very strong. com plexes 2 0  The lig a n d s  
are h eld  too t ig h t ly  for stron g  so lv e n t in te r a c t io n s  . A lso  
CuCAcAc)^ and Pd(AcAc)p p re fer  อ. va len ce  o f four .
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• i ( A c A c ) v F ro m  t a b le s .  $ . 9 , i t  c a n  be s e e n  t h a t  r o d

s h i f t s  o f  th e  2 7 0  m y  b and  i n  F e (A c A c ) 7 a n d  M n (A c A c )^  a r e  

g r e a t e r  i n  p o la r  s o l v e n t s  a s  e x p e c te d  . I i n ( A c A c ) j  h a s  b e e n  

r e p o r t e d  t o  be p a r t l y  d i s s o c ia t e d  i n  a l c o h o l s ?  O u r s p e c t r a  

seem  t o  s u p p o r t  t h i s  ; t h e r e  a r c  i n d i c a t i o n s  o f  f r e q u e n c y  

s h i f t s  a s  t im e  p r o g r e s s e s  a s  i n  i s o - p r o p y l  a l c o h o l  and  w a te r  

o r  s l i g h t  c h a n g e s  i n  b and  c o n t o u r s  a s  i n  e t h y l  a l c o h o l  and  

m e t h y l  a lc o h o l  f o r  d i f f e r e n t  r u n s  . T h is  a le e  s u g g e s ts  H -b o n d  

f o r m a t i o n  1 w h ic h  s u p p o r t s  o u r  p r e l i m i n a r y  i n  r e s u l t s .

F o r  G o (A c A c )^  th e  TTL— =? V L t r a n s i t i o n  ( T a b le  ๆ '! ,10 )
i s  >v 206  rry - and  C r  ( Ac Ac 2 7 0  m y1 ( t h e  b a n d  a t  ~  2 5 5  ra/A  i s

*■
a ssu m e d  t o  be a s s o c ia t e d  w i t h  t h e  ÏÏ  - *  IT  t r a n s i t i o n  ) .  T h e  re d  

s h i f t s  a r e  q u i t e  s m a l l ,  s u g g e s t in g  w e a k  i n t e r a c t i o n s  w i t h  

s o l v e n t s  o T h e  r e a s o n  b e in g  b o th  a r c  s t r o n g l y  c h e la te d  t o  th e  

l i g a n d s ,
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3 . ;t . 2 Met a l <— » L ig a n d  b a nd

( i )  ^ - - *  , t h e  b lu e  s h i f t s  ( e x c e p t  K n )  o f  t h e  d — ,7T ,_

b r.n d  o b s e r v e d  f o r  K (A c A c ) - ,  and  M( Ac Ac ) 0 a r e  p r e s e n t e d  i n  ' f a b le s3 c-
2 - 1 1 .  T h e y  a r e  s u m m a r is e d  b e lo v ; .

C o n f i g u r a t i o n B lu e  S h i f t
C o m p le x

o f  d - e l e c t r o n N o n - c o o r d in a t i n g C o o r d in a t i n g

C r (A c A e ) ^ ,3  ,0d d 0 " 3

M n (A c A c ) 7 3 d 3  d : + 1 o

F e (A c A c ) ^ d 3 d 2 0 - 2

i in ( A c A c )  2 d 3 d 2 +2 •- cฯ

c 0 ( A cA c ) ̂ d *  d 2 0

C o (A c A c )2 d 3 d 2 —

N i ( A c A c ) 2 ,6  ,2  d d - 2 -.5

P d (A c A c ) 2 a 6 a2 -1 "7

C u (A c  c ) 2 d 6 d 3 0 0

Z n (A c A c ) 2 .6  M  d d —

* H ig h  s p in



T h 0 r e s u l t  f r o m  th e  a b o v e  t a b l e  sh o w s  t h a t  t h e  b lu e  s h i f t s  
-*•

o f  d ----- ? ไโแ t r a n s i t i o n  d o e s  n o t  s i g n i f i c a n t l y  d e p e n d  u p o n  th e

n u m b e r o f  d - o l i . c t r o n s  o

H o w e ve r i t  i s  i n t e r e s t i n g  t o  n o te  t h a t  , b o th  N i( A c A c ) _

a n d  n n ( . l c A c ) 0 show  th e  same o r d e r  o f  s h i f t s  i n  a l c o h o l s

and  w a te r  a s  t h e y  b o th  h a v e  s i m i l a r  p o ly m e r ic  a n d  m o n o m e r ic

s t r u c t u r e s  . i:ท(A c A c ) - ,  , w h ic h  sh o w s  ’ t r e a t e r  b lu e  s h i f t  i n3
a l c o h o l  and  w a te r  , i n d i c a t e s  some H -b o n d  i n t e r a c t i o n  

w i t h  th e s e  s o l v e n t s  . T h i s  i s  i n  .a g re e m e n t w i t h  t h e  c r e a t o r  

r e d  s h i f t s  o f  "7TL —^ T lL t r a n s i t i o n  b a n d  , a n d  s l i g h t  c h a n g e s

i n  b a n d  c o n t o u r s  i n  H n (A c A c ) . .  ,  a l r e a d y  m e n t io n e d .

( i i )  ^  — > 3d  b a nd

T h is  ๖..;.ทd o f  230 ay». i s  o n ly  o b s e r v e d  f o r  C u (A c A c )p  1 

P d (A c A c )0 1 F e (A c A c ) ^  1 C o (A c A c ) - , ( T a b le  6 , 7 , 9 , 1 1  ) a l l  s h i f t s  

a r e  v e r y  s m a l l  e x c e p t  C u (A c A c )  0 i n  w a te r  '6 my*-, b u t  th e  

p a t t e r n  i n d i c a t e s  t h e  s o l v e n t s  s h i f t s  i n  c o o r d i n a t i n g  s o l v e n t s  

a r e  m o re  th a n  th o s e  o f  t h o  n o n - c o o r d i n a t i n g  s o l v e n t s  .

A l l  è L— 3d  b a n d s  a r e  s t r o n g  e x c e p t  f o r  F o (A c A c ) 2 ,

i n d i c a t i n g  a m e a s u re  o f  cT b o n d  s t r e n g t h s  .
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The  HKR m e a s u re m e n ts  o f  H - b o n d in g  s y s te m s  a r e  fe w  i n  

n u m b e r b u t  g r e a t  i n  p r o m is e .  a f f e c t i v e  u s e  o f  t h i s  t e c h n iq u e  

d e p e n d s  r a t h e r  c r i t i c a l l y  u p o n  t h e  p o s s i b i l i t y  o f  v a r y i n g  th e  

s a m p le  t e m p e r a t u r e s .  A t h ig h  t e m p e r a t u r e s ,  d i s s o c i a t i o n  o f  

K -b o n d e d  c o m p le x e s  c a n  be o b t a in e d .  W h i le  a t  lo w  t e m p e r a t u r e s ,  

t h e  d i f f e r e n t  I I - b o n d e d  s p e c ie s  may be o b s e r v e d  i n d i v i d u a l l y .

We c a n  p r o f i t a b l y  c o n t r a s t  t h e  c a p a b i l i t i e s  o f  t h e  l i t  a n d  

i r R  t e c h n iq u e s .  T h e re  a r e  a n u m b e r c f  t h e  a d v a n ta g e s  i n  

I R .  m e th o d s :  d i f f e r e n t  I I - b o n d e d  s p e c ie s  c a n  be  s t u d ie d  i n  th e  

s t r e t c h i n g  a n d  b e n d in g  r e g io n  ( ^ , 000-50 cm ) ,  lo w e r  c o n c e n t r a t i o n s  

c a n  be  u s e d ;  g a s  a n d  s o l i d  p h a s e s  a r e  r e a d i l y  s t u d i e d '1 w id e r  

t e m p e r a t u r e  r a n g e  a r e  a c c e s s i b l e .  On th e  o t h e r  h a n d , t h e r e  a r e  

some in h e r e n t  c a p a b i l i t i e s  o f  NIIR m e a s u re m e n ts  w h ic h  g iv e  th em  

u n iq u e  v a lu e  e . g . , t h e  s p e c i f i c  r o l e  o f  t h e  h y d ro g e n  a to m  i n  

H -b o n d in g  i n t e r a c t i o n s .  W i t h  r e f e r e n c e  t o  t h e  e l e c t r o n i c  r e d i s 

t r i b u t i o n  a c c o m p a n y in g  H -b o n d  f o r m a t i o n ,  M-IR s h i f t s  g iv e  n ew , 

t h o u g h  n o t  y e t  w e l l  u n d e r s t o o d ,  i n f o r m a t i o n .  F i n a l l y ,  t h e  

s p e c i a l  p o w e r o f  t h e  m a g n e t ic  m e th o d s  f o r  d e te a m in g  r a t e s  o f  

H“ b o n d  f o r m a t i o n  and  r u p t u r e  a w a i t s  e x p l o i t a t i o n .

The  IR  a n d  ■ NMR . m e th o d s  c a n  t h u s  bo  u s e d  a s  p o w e r f u l

3.5 Comparison of In fra red , Nuclear magnetic resonance and
UV -visib le  met hods of de tec t i  o ns in hydrogen ๖0lid in g.

s u p p le m e n ta r y  t o o l s .
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I t  1 b t o  be e x p e c te d  t h a t  t h e  U V - v i s i b l e  s p e c t r u m  o f  a  

m o le c u le  may be a l t e r e d  b y  t h e  f o r m a t i o n  o f  a H -b o n d s ,  i f  th e  

c h r o m o p h o r ic  p o r t i o n  o f  t h e  m o le c u le  i s  p e r t u r b e d  b y  t h e  H -b o n d .  

S uch  i s  in d e e d  t h e  c a s e :  IT -b o n d  f o r m a t i o n  i s  o f t e n  a c c o m p a n ie d  

b y  r e a d i l y  m e a s u ra b le  s p e c t r a l  c h a n g e s , w h ic h  c o n t a in s  i n t e r e s t 

i n g  a n d  u s e f u l  i n f o r m a t i o n .  Y e t  i t  i s  o n ly  w i t h i n  t h e  l a s t  

d e c a d e  t h a t  U V - v i s i b l e  s p e c t r a  h a v e  r e c e iv e d  c o n c e r t e d  a t t e n t i o n  

a s  a m eans o f  s t u d y in g  H - b o n d in g .

The f o l l o w i n g  g e n e r a l i z a t i o n s  a b o u t  t h e  e f f e c t  o f  K - b o n d in g  

on  e l e c t r o n i c  t r a n s i t i o n s  c a n  be m a d e :»

า . E l e c t r o n i c  t r a n s i t i o n  ( b o t h  i n  e m is s io n  a n d  a b s o r p t i o n )  

o f  e i t h e r  a c i d i c  o r  b a s ic  s u b s ta n c e s  i n  s o l u t i o n  may show  s h i f t s  

o f  t h e  b a n d  maximum  u p o n  H -b o n d  f o r m a t i o n .  I n  a b s o r p t i o n  s p e c t r a  

b o th  p o s i t i v e  and  n e g a t i v e  s h i f t s ,  Zs ไ^ 1 h a v e  b e en  o b s e r v e d .  

T h e se  s h i f t s  c o r r e s p o n d  t o  e n e r g ie s ,  k  , u s u a l l y  i l l  t h e  o r d e r  

o f ,  b u t  s c a l i e r  t h a n ,  H -b o n d  e n e r g ie s .  I n  a b s o r p t i o n  s p e c t r a ,  

no  p ro n o u n c e d  c h a n g e  o f  a b s o r p t i o n  c o e f f i c i e n t  a c c o m p a n ie s  th e  

s h i f t s ,  b u t  v i b r a t i o n a l  f i n e  s t r u c t u r e  may becom e d i f f u s e .

2 .  The f r e q u e n c y  s h i f t s  o f t e n  p r o v id e  q u a n t i t a t i v e

d e t e r m in a t i o n  o f  th e rm o d y n a m ic  q u a n t i t i e s :  e q u i l i b r i u m  c o n s t a n t s ,

AH a n d  A ร o f  H -b o n d  f o r m a t i o n  a t  d i f f e r e n t  t e m p e r a t u r e s .

3 .  I t  i s  c o m m on ly  a c c e p te d  f r o m  o r g a n ic  l i t e r a t u r e  t h a t

ฑ t r a n s i t i o n  o f  a  b a s e  a lw a y s  s h i f t  to w a r d  h ig h e r

f r e q u e n c y  u p o n  . H -b o n d  f o r m a t i o n  ( b l u e - s h i f t )
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I n  c o n t r a s t ,  ÏÏ -—ะf  'ส' t r a n s i t i o n s  u s u a l l y  s h i f t  to w a r d

lo w e r  f r e q u e n c ie s  ( r e d  s h i f t )  u p o n  ï ï “ b o n d  f o r m a t io n »

5 °  T h e se  s h i f t s  c o n t a in  i n f o r m a t i o n  c o n c e r n in g  th e  

d i f f e r e n c e  o f  AH i n  H -b o n d  f o r m a t i o n  b e tw e e n  th e  g ro u n d  and  

t h e  e x c i t e d  s t a t e s .

O f  c o u r s e ,  IR  m e th o d  c a n  a l s o  g iv e  s i m i l a r  i n f o r m a t i o n  

a s  i n  1 a n d  2 a b o v e .  T h u s , f o r  a b e t t e r  u n d e r s t a n d in g  o f  

I I - b o n d in g  a l l  3 m e th o d s  s h o u ld  be u s e d .
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5 . 6  Sum m ary a n d  C o n c lu s io n

By c o m p a r in g  t h e  u v  s p e c t r u m  o f  M C A cA c )^  i n  n o n - 'G o o r d in a t in g  

s o l v e n t s  and  c o o r d n a t in g  s o l v e n t s  1 we c a n  c o n c lu d e  t h a t  t h e  

s p e c t r a  i n  n o n - c o o r d i n a t i n g  s o l v e n t s  o f  M (A c A c )2 show  m o n o m e r ic  

( ^ - - c o o r d in a t e d )  s p e c ie s ;  a n d  i n  s o l u t i o n s  o f  c o o r d i n a t i n g  

s o l v e n t s  m o s t o f  t h e  s p e c ie s  a r e  a d d u c te d  ( 6 - c o o r d in a t e d )  

s p e c ie s .

T he  UV s p e c t r a  o f  some m e ta l  a c e t y l a c e t o n a t e s  show ed  

t im e  e f f e c t s  i n  tw o  i n t e r e s t i n g  H - b o n d in g  s o l v e n t s ะ C H C l^  

a n d  t h e  a s s u m p t io n  b e in g  t h a t  a  c h a n g e  i n  b a n d

c o n t o u r s  i s  i n d i c a t i v e  o f  H - b o n d in g .  B y  c o m p a r in g  t h i s  uv 
m e th o d  w i t h  t h e  o t h e r  m e th o d s : v i s i b l e ,  IR ,  s o l v a t i o n  and  

X - r a y ;  o u r  r e s u l t s  a r e  i n  g e n e r a l  a g re e m e n t w i t h  t h e  o t h e r  

m e th o d s  m e n t io n e d .

I t  i s  b e l i e v e d  t h a t  t h e  o x y g e n  a to m  o f  / J - k e t o e n o la t e  

c o m p le x e s ,  a s  w e l l  a s  t h e  c h e la t e  r i n g s  th e m s e lv e s ,  c a n  

f u n c t i o n  a s  s i t e s  f o r  H -b o n d  f o r m a t i o n .  H o w e ve r m any e v id e n c e  

s u p p o r t  t h e  o x y g e n  a to m s  a s  t h e  s i t e s ,  t h e  a b i l i t y  o f  t h e  

o x y g e n  a to m  t o  f u n c t i o n a l  a s  l e w i s  b a s e  i s  sh ow n  b y  t h e  f a c t  

t h a t  m any o f  t h e  M C A cA c )^  c o m p le x e s  p o ly m e r is e  t h r o u g h  t h e  

p -  d i k e t o n e  o x y g e n s .

O u r s t u d i e s  o f  H - b o n d in g  i n  C H C l^  a n d  C H ^C l^  s u g g e s t  t h a t  

t h e  s o l v e n t s  u s e  t h e  c h e la t e  r i n g s  r a t h e r  t h a n  t h e  o x y g e n  a to m s  

a s  s i t e s .  I t  i s  kn ow n  t h a t  e l e c t r o n s  i n  th e  c h e la t e  r i n g s  a r e
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c o m p le t e l y  d e lo c a l i z e d  and  a l s o  th e  c h l o r i n e  a to m s  h a v e  h ig h  . 

a f f i n i t y  f o r  e l e c t r o n s .  The  d is a p p e a r a n c e  o f  t h e  ; > d - * T t^ b a n d  

s u g g e s t s  s t r o n g  p e r t u r b a t i o n s  o f  e l e c t r o n  t r a n s f e r .  T h is  

i n d i c a t e s  t h e  p e r t u r b a t i o n  w o u ld  i n v o l v e  t h e  e n t i r e  d e lo c a l i z e d  

r i n g s  r a t h e r  t h a n  t h e  o x y g e n  a to m s .

F i n a l l y ,  we c a n  now  p o s e  t h e  q u e s t i o n  ''H ow  g o od  i s  uv 
m e th o d  i n  d e t e c t i n g  H -b o n d  f o r m a t i o n ? ”  - We c a n  o n ly  u s e  t h e  

c h a n g e  o f  b a n d  c o n t o u r s  o r  f r e q u e n c y  s h i f t s  ( r e d  a n d  b lu e  

s h i f t s  ) a s  i n d i c a t i o n s .  B u t , t h e r e  a r e  o t h e r  m o le c u la r  

i n t e r a c t i o n s  w h ic h  n e e d  f t o t  he H - b o n d in g  e . g .  a s s o c i a t i o n ,  

s o l v a t i o n  „ I t  i s  d i f f i c u l t ,  i f  n o t  im p o s s ib l e ,  t o  d i s t i n g u i s h  

how  much c o n t r i b u t i o n  t o  t h e  f r e q u e n c y  s h i f t s  f o r  e x a m p le  , 

i s  a s s o c ia t e d  w i t h  a c e r t a i n  m o le c u la r  i n t e r a c t i o n .  T h e r e f o r e ^  

t h e  UV a n d  in d e e d  th e  v i s i b l e  m e th o d s  f o r  d e t e c t i n g  H - b o n d in g  

c a n  o n ly  be  r e le g a t e d  t o  s u p p o r t i n g ’ r e l o s .
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