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SPECTROSCOPY LETTERS, 22(9), 1161-1172 (1989) 

THE INFRARED AND 'H-NHR SPECTRA OF 8-HVDROXVQUINOLINE ADDUCTS 
OF 8-HYDROXVQUINOLINE COMPLEXES OF DIQXOURANIUM(VI), 

THORIUM( I V )  AND SCANDIUM( I I I )  

Carola Engel ter ,  Cheryl L Knight  and Davld A Thornton* 

Department o f  Chemistry, U n i v e r s i t y  o f  Cape Town, Rondebosch 
7700, South A f r i c a  

ABSTRACT 

The 'H-nmr and i n f r a r e d  spect ra o f  t h e  complexes 
[M(ox),(Hox)J where M = UO, (n = 2) .  Th (n - 4) o r  Sc (n - 3) 
and Hox = 8-hydroxyquinol ine are discussed. The nmr spec t ra  
o f  t h e  adducts are un informat ive w i t h  respect  t o  t h e  bonding 
and s t r u c t u r e  o f  these molecules s ince  they d i s s o c i a t e ,  i n  
s o l u t i o n .  The s o l i d  s t a t e  ir spect ra show t h a t  t h e  adducted 
molecule o f  8-hydroxyquinol ine i s  bound t o  t h e  metal  through 
the  phenol ic  oxygen, the  proton forming an i n t r a m o l e c u l a r  
hydrogen bond between the  n i t r o g e n  atom o f  t h e  adducted 
molecule and t h e  oxygen atom o f  a neighbour ing c h e l a t e  r i n g .  
The mid- and f a r - i r  spectra are repo r ted  f o r  t h e  f i r s t  t ime and 
assignments f o r  t he  6N-H, vM-0 and uM-N modes have been made. 

* Author t o  whom correspondence should be addressed. 
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1162 ENGELTER, KNIGHT AND THORNTON 

JNTROOUCTION 

The capacity which certain metal complexes have for 
adducting an additional molecule of ligand in the protonated 
form to yield complexes of formula [ML,(HL)], has elicited much 
interest. In 1970, one of the present authors drew attention 
to the fact that the compound once formulated as H[UO,(acac),]' 
is correctly formul ated [UO,( acac),(Hacac) 1. 8- Hydroxy - 
quinoline (oxine or Hox) also forms complexes of type 
[M(ox),(Hox)] where M is Sc, Th, Pu or UO,. The structural and 
bonding aspects of these complexes have been widely studied3-'' 
by uv, ir and nmr spectroscopy and the crystal structure of 
[ UO, (ox) , (Hox) 3 has been determi ned . The present 
communication reports on our study of the 'H-nmr and ir spectra 
of the complexes [UO,(ox),(Hox)], [Sc(ox),(Hox)] and 
[Th(ox),(Hox)] .2H,O. The far-ir spectra are reported for the 
f i rst time . 

EXPERIMENTAL 

The complexes were prepared by the methods reported in 
the 1 i terature3-15 Composition and purity were establ ished by 
microanalysis (C,H,N). The complex [Sc(ox),] .H,O (not 
previously reported) was prepared by the addition of oxine 
(0.135 g, 0.93 mMol) in 2-propanol (3 ml) to sodium acetate 
trihydrate (0.127 g, 0.93 mMol) in water (7 ml). Further 2- 
propanol (2 ml) was added to dissolve the precipitated sodium 
oxinate and the solution was added to [Sc(acac),] (0.105 g, 
0.31 mMol) in 2-propanol (7 ml). The solution was gently 
heated ( 2  hr) and cooled. The yellow precipitate of 
[Sc(ox),] .H,O was collected by filtration, washed with ether and 
dried under reduced pressure over silica gel (Found: 65.4W C, 
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INFRARED AND 'H-NMR SPECTRA 1163 

4.10% H, 8.45% N. Calcd. f o r  [Sc(ox),].H,O: 65.46% C, 4.07% H, 
8.48% N). Nmr spectra were determined on dmso s o l u t i o n s  w i t h  

TMS as reference on a Bruker WH-90 90 Mhz spectrometer. Ir 
spect ra were determined on a Perkin-Elmer 983 spectrophotometer 
and a D i g i l a b  FTS-lGB/D i n te r fe romete r .  Samples were i n  t h e  
form o f  n u j o l  mu l l s  between C s I  p l a t e s  (4000 - 200 cm-') o r  
po lyethy lene p l a t e s  (500 - 50 cm-'). Spectra i n  t h e  r e g i o n  o f  
n u j o l  absorpt ion were a1 so determined on hexachlorobutadiene 
m u l l s  and the  over lap reg ion  (500 - 200 cm-') was determined on 
both instruments.  

RESULTS AND DISCUSSION 

The ir and nmr spectra were compared w i t h  those o f  t h e  
'parent '  molecules, [UOz(ox)z], K[UO,(ox),], [Th(ox),] and 
[Sc(ox),] .H,O. 

'H-NMR SPECTRA 

The nmr spectra o f  the thor ium and urany l  complexes have 
been discussed by Baker and Sawyer14 bu t  t h e  spectrum o f  
[Sc(ox),(Hox)] has no t  p rev ious l y  been reported. 

Three a l t e r n a t i v e  opin ions have ex i s ted  on t h e  s t r u c t u r e  
o f  t h e  uranyl  complex. Moel ler  and Ramaniah' concluded t h a t  
t h e  a d d i t i o n a l  l i g a n d  i s  he ld on l y  by weak l a t t i c e  fo rces  i n  
t h e  s o l i d  s t a t e  and t h a t  i t  i s  completely d i ssoc ia ted  from 
[UO,(ox),] i n  s o l u t i o n  w h i l e  others' suggest t h a t  t h e  t h r e e  
l i gands  are equ iva len t l y  bound t o  y i e l d  t h e  complex H[UO,(ox),]. 
A t h i r d  op in ion i s  t h a t  t he  t h i r d  l i g a n d  molecule coord inates 
d i f f e r e n t l y  from t h e  o the r  t w o  through t h e  pheno l i c  oxygen,16 
t h e  l a t t e r  hypothesis being u l t i m a t e l y  proven by t h e  s t r u c t u r a l  
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1164 ENGELTER, KNIGHT AND THORNTON 

I -Hydroxywinohe i H a  1 

Q-) 
OH 

Fig. 1. 'H-nmr spectra o f  HOX, [U02(ox)2] and [UO,(ox),(Hox)]. 
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INFRARED AND 'H-NMR S P E C T R A  1165 

determinat ion o f  H a l l ,  Rae and Waterslo who a l so  es tab l i shed  
t h a t  t he  proton p a r t i c i p a t e d  i n  hydrogen bonding between t h e  
uncoordinated n i t rogen  atom o f  t he  t h i r d  l i g a n d  and t h e  oxygen 
atom o f  one o f  the neighbouring l i gands .  

We f i n d  t h a t  t h e  'H-nmr spect ra o f  t h e  complex 

[UO,(ox),(Hox)] i s  a p rec i se  super imposi t ion o f  t h e  spect ra o f  
[U02(ox),] and f r e e  8-hydroxyquinol ine (F ig .  1) .  Likewise, t h e  
spectrum o f  [Th(ox),(Hox)] amounts t o  t h a t  o f  Hox superimposed 
on [Th(ox),] and the  spectrum o f  [Sc(ox),(Hox)] i s  t h e  sum o f  
t h e  spectra of [Sc(ox),] and Hox. Although i t  i s  p o s s i b l e  
t h a t  i f  the  adducts maintained t h e i r  i d e n t i t y  i n  dmso s o l u t i o n ,  
they could c o i n c i d e n t a l l y  g i ve  r i s e  t o  spect ra which a r e  
i d e n t i c a l  t o  t h e  superimposed spectra o f  t h e  unsolvated complex 
and f r e e  HOX, i t  i s  u n l i k e l y  t h a t  t h i s  would occur i n  a l l  t h r e e  
cases examined. We conclude the re fo re  t h a t  d i s s o c i a t i o n  i s  
complete i n  dmso s o l u t i o n .  

I t  i s  o f  i n t e r e s t  t o  note t h a t  Baker and Sawyer d i d  n o t  
extend t h e i r  spectra t o  i nc lude  the  OH proton s igna l .  T h i s  
occurs a t  9.8 ppm downf ie ld  o f  TMS i n  the  f r e e  l i g a n d  and i n  
s o l u t i o n s  o f  t he  complexes where i t  i s  cons iderably  broadened 
by hydrogen bonding and disappears on a d d i t i o n  o f  D,O. The 
spectrum o f  [UO,(ox),(Hox)] (F ig .  1) i s  t y p i c a l  o f  a l l  t h r e e  
adduc t s . 

INFRARED SPECTRA 

The Uranvl Comol exes 

By con t ras t  w i t h  t h e  uninformat ive nature o f  t h e  'H-nmr 
spectra, the i n f r a r e d  spectra prov ide f i r m  evidence o f  a 
uniquely-bound 1 igand molecule i n  the  urany l  complex 

[UO,(ox),(Hox)]. The 4000 - 2000 cm-I reg ion  o f  t h i s  complex 
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1166 ENGELTER, KNIGHT AND THORNTON 

Fig .  2.  I n f r a r e d  spectra (1600 - 1500 and 1000 - 50 ern-') o f  the 'normal' and adducted 
S o l i d  bands : uM-N and normal uM-0. Shaded molecules o f  8-hydroxyquinoline. 

bands : uM-0 o f  adducted Hox and 6N-H 

has been repo r ted  p rev ious l y , "  a l s o  t h a t  o f  t h e  t h o r i u m  complex 

[Th(o~),(Hox)].2H,O.'~ I n  bo th  cases, a broad band near  2650 
cm-' and a sharper band near 2050 cm-' occur  i n  t h e  s p e c t r a  o f  
t h e  ox ine  adducts, b u t  a re  absent f rom t h e  normal mo lecu les  
[UO,(ox),] and [Th(ox),]. These bands a re  a t t r i b u t e d  t o  t h e  
N - H - - -  0 hydrogen bonds i n  the adducted molecu le .  Our 

p resent  work supports these conc lus ions  w i t h  respec t  t o  t h e  
4000 - 2000 cm-' reg ions .  However, we f i n d  t h a t  t h e  s p e c t r a  

below 2000 cm-', which a re  repo r ted  here  f o r  t h e  f i r s t  t ime, a r e  
more i n f o r m a t i v e  w i t h  respec t  t o  d i f f e r e n c e s  between t h e  
molecules [U02(ox),] and [UO,(ox),(Hox)l. Even more 

approp r ia te  i s  a comparison between t h e  spec t ra  o f  K[UO,(ox),] 
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INFRARED AND 'H-NMR SPECTRA 1167 

and [UO,(ox),(Hox)]. F i g u r e  2 d e p i c t s  these s p e c t r a  t o g e t h e r  

w i t h  t h a t  o f  8 -hyd roxyqu ino l i ne  (Hox) i t s e l f .  F i g u r e  3 shows 
t r a c i n g s  o f  t h e  spec t ra  o f  K[UO,(ox),] and [UO,(ox),(Hox)]. 

The most s i g n i f i c a n t  d i f f e r e n c e s  between t h e  mid- and 

f a r - i r  spec t ra  o f  K[UO,(ox),] and [UO,(ox),(Hox)] a r e  as 
f o l l o w s :  

a) The adduct has s t rong  a d d i t i o n a l  bands a t  622, 546, 363 
and 296 cm-'. The bands a t  622 and 546 cm-' a r e  p r o b a b l y  
assoc ia ted  w i t h  t h e  7 - r i n g  bands o f  f r e e  Hox wh ich  occu r  
a t  636 and 545 cm". 
The band a t  363 cm-' i n  t h e  spectrum o f  t h e  adduct occurs  
i n  a r e g i o n  which i s  comp le te l y  f r e e  f rom any a b s o r p t i o n s  
i n  t h e  spectrum o f  Hox. T h i s  band i s  absent f rom t h e  
spectrum o f  K[UO,(ox),] so i t  i s  assigned t o  t h e  vU-0 mode 
i n v o l v i n g  t h e  pheno l i c  oxygen o f  t h e  adducted Hox 
molecu le .  The band a t  352 cm-' which i s  p r e s e n t  i n  t h e  

spec t ra  o f  bo th  K[UO,(ox),] and [UO,(ox),(Hox)], i s  
t h e r e f o r e  f i rm ly  assigned t o  t h e  vU-0 o f  t h e  'normal '  

c h e l a t e  r i n g s .  
c )  The band a t  296 cm-' i s  a l s o  assigned t o  vU-0 o f  t h e  

adducted molecule be ing  unique t o  t h e  spectrum o f  t h e  
adduct, a l though i n  t h i s  case, t h e r e  i s  a l i g a n d  band 
near 300 cm-' i n  t h e  spectrum o f  f r e e  Hox. However t h i s  

l i g a n d  band i s  found t o  r e c u r  i n  t h e  s p e c t r a  o f  b o t h  t h e  
normal and adducted molecu le  near  270 cm-'. S i m i l a r l y ,  
t h e  l i g a n d  band a t  265 cm-' i n  t h e  spectrum o f  f r e e  Hox, 
r e c u r s  i n  t h e  spec t ra  o f  t h e  normal and adducted 
molecules near 250 cm-'. 

d) Each o f  t h e  spec t ra  e x h i b i t s  a band p a i r  nea r  200 cm-'. 
The component of h i g h e r  f requency  i s  ass igned t o  vU-N 
w h i l e  t h e  component o f  l ower  f requency  i s  p r o b a b l y  
assoc ia ted  w i t h  t h e  s t rong  l i g a n d  a b s o r p t i o n  a t  194 cm-' 

b) 
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I N F R A R E D  AND ' H-NMR S P E C T R A  1169 

i n  t he  spectrum o f  f r e e  Hox. The uU-N bands have 
frequencies which are normal f o r  vM-N bands i n  t h e  metal  
complexes o f  heterocyc l  i c  n i t rogenous bases. l7 

e) I n  the  1600 - 1500 cm-' reg ion  the  spectrum o f  t h e  
adducted molecule e x h i b i t s  an e x t r a  s t rong band a t  1560 
cm-'. This band i s  assigned t o  t he  N-H bending mode 
since i t  i s  absent from the spectrum o f  t h e  normal 
molecule. The 6N-H band i s  a l so  c l e a r l y  observed i n  t h e  
adducted t h o r i  um and scandi um complexes. 

The Thorium ComDlexes 

The ox ine adduct o f  [Th(ox),] occurs as a d ihyd ra te  and 
i s  t he re fo re  c o r r e c t l y  formulated [Th(ox),(Hox)] .2H,O. The 
most d i s t i n c t i v e  d i f f e rences  between t h e  spectra o f  t h e  e i g h t -  
and n ine-coord inate thor ium complexes (F ig.  2) occur i n  t h e  
6N-H reg ion  where the  adducted molecule e x h i b i t s  a s t rong  
a d d i t i o n a l  band a t  1545 cm-', presumably t h e  6N-H mode o f  t h e  
adducted Hox molecule. The o the r  major d i f f e r e n c e  i s  t h e  
a d d i t i o n a l  band a t  296 cm-' i n  t h e  adducted complex which i s  
assigned t o  uTh-0. There are no obvious d i f f e r e n c e s  between 
t h e  spectra o f  the normal and adducted complexes i n  t h e  350 cm-' 
reg ion.  I n  t h i s  respect,  t he  thor ium complexes d i f f e r  f rom 
those o f  t he  uranyl  ion.  

The Scandi um ComDl exes 

Scandium(II1) has l ong  been known' t o  form t h e  complex 
[Sc(ox),(Hox)] w i t h  8-hydroxyquinol i n e  w h i l e  t h e  s imple complex 
[Sc(ox),] could no t  be synthesized. We have prepared t h e  
l a t t e r  complex as a monohydrate by 1 igand exchange between 
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o x i n e  and [Sc(acac),] i n  2-propanol  and assignments have been 
made on t h e  b a s i s  o f  d e u t e r a t i o n  o f  t h e  l i g a n d  and t h e  e f f e c t s  
o f  metal  i o n  s u b s t i t u t i o n . ' *  On t h i s  b a s i s  VSC-0 was ass igned 
t o  t h e  bands a t  322 and 310 cm-', w h i l e  vSc-N was found a t  223 
cm-'. The adducted molecu le  e x h i b i t s  an a d d i t i o n a l  shou lde r  a t  
337 cm-' which i s  undoubtedly the  USC-0 band o r i g i n a t i n g  i n  t h e  
bonding o f  t h e  scand ium( I I1 )  i o n  t o  t h e  p h e n o l i c  oxygen o f  t h e  
adducted Hox molecule.  There i s  a l s o  an a d d i t i o n a l  band a t  
1550 cm-' wh ich  i s  a t t r i b u t e d  t o  t h e  6N-H mode o f  t h e  adducted 
Hox. ' T h e  vSc-N band occurs,  as i n  t h e  spectrum o f  t h e  normal 
mo lecu le  as a shou lder  a t  220 cm-' ( F i g .  2). 

The combined ir r e s u l t s ,  showing a l l  o f  t h e  i m p o r t a n t  
assignments a r e  assembled i n  Table 1. 
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