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INFRARED SPECTRUM OF THE OXOVANADIUM COMPLEX OF 

ISOTOPICALLY LABELLED N-SALICYLIDENEGLYCINATE 

KEY WORDS: N-Salicylideneglycinate complex, infrared 

spectrum, isotopically labelled IR spectra 

J.B. Hodgson and G.C. Percy 

Department of Inorganic Chemistry, 
University of Cape Town, South Africa 

ABSTRACT 

The IR spectra of 151-, l80- and 13C-labelled [VO(sal-gly)(HzO)] 

( sal-gly = I-salicylideneglycinate) derived from labelled glycine , and 

the unlabelled analogue are discussed. 

ligand and metal-ligand vibrations are based on the effects of the 

isotopic substitutions. 

Assignments of the characteristic 

INTRODUCTION 

The limited extent to which the IR spectra of Schiff base complexes 

have been studied is probably due to the structural variation of the 

complexes, the difficulty of applying normal coordinate treatments to the 

assignment problem and the complexity of the spectra which results from 

the different metal-ligand bands and extensive vibrational coupling. In 
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976 HODGSON AND PERCY 

previous  papers  

imine and N-sa l icy l ideneglyc ina te  complexes by observ ing  t h e  e f f e c t s  o f  

15iV-labelling and meta l  i o n  s u b s t i t u t i o n  on t h e  s p e c t r a .  

i nves t iga t ions4 - ’  on t h e  I R  pleochroism of s i n g l e  c r y s t a l s  of me ta l ( I1 )  

N-methylsalicylaldimines i n d i c a t e  t h a t  t h e  lower frequency r eg ion  con ta ins  

many s k e l e t a l  deformation modes and t h a t  no pure  metal-l igand v i b r a t i o n s  

are p resen t .  

complex , 
a s t e r i s k s .  It has  been e s t a b l i s h e d  t h a t  t h i s  complex is  f ive -coord ina te ,  

probably with a d i s t o r t e d  square  base  pyr imida l  s t r u c t u r e .  

we  have d iscussed  t h e  I R  s p e c t r a  of N-a ry l sa l i cy la ld  

Recent 

I n  Formula ( I ) ,  which i l l u s t r a t e s  t h e  s t r u c t u r e  of t h e  

t h e  atoms which were i s o t o p i c a l l y  s u b s t i t u t e d  a r e  marked wi th  

EXPERIMENTAL 

[VO(sal-gly)(H20)] was prepared by t h e  method p rev ious ly  desc r ibed  6. 

The 15N- , leg- , and SN-glycine 

of 95 atom-% p u r i t y ,  180-glycine of 78 atom-% p u r i t y  and l-13C-glycine o f  

93 atom-% p u r i t y  suppl ied  by Prochem Ltd. 

Table 1. 

between caesium iod ide  p l a t e s  ( o r  below 250 cm-l, between polye thylene  

p l a t e s )  on a Perkin-Elmer 180 Spectrophotometer.  

3C-labelled complexes were prepared from 

Ana ly t i ca l  d a t a  a r e  g iven  i n  

I R  s p e c t r a  were determined on Nujol o r  hexachlorobutadiene mul l s  
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N-SALICYLIDENEGLYCINATE 

TABLE 1 

Analytical data on [VO(sal-gly)(H20)] 

977 

N 0 c Calc./Found 

isotope isotope isotope %C %H %N 

4 N  160 12C 41.2 

41.1 

1 5 N  160 12C 41.1 

40.9 

1 4 N  180 12C 40.8 

40.7 

4 N  160 13c 41.5 

41.0 

3.5 5.3 

3.4 5.3 

3.5 5.7 

3.5 5.8 

3.4 5.3 

3.5 5.2 

3.5 5.3 

3.5 5.3 

RESULTS AND DISCUSSION 

Table 2 lists the assigned bands in the spectrum of [VO(sal-gly)(H20)] 

together with the shifts induced by 15N-, l80- and l3C-labe1ling. 

vC=O, vC-N and the C02 scissoring and rocking modes have been assigned by 

virtuel of their large isotopic shifts. 

substantiated by earlier reports of labelling studies3 y 7  and empirical 

considerations* of the spectra of related complexes and ligands. 

spectra of the unlabelled and 

stretching frequency masks the phenyl vibration, however, this vibration 

is clearly visible at 1600 cm-l in the spectra of the l80- and l3C-ana1ogues. 

vC-O(ary1) is assigned, by its insensitivity to isotopic substitution, to 

vC=N, 

These assignments are 

In the 

5N-labelled complexes , the carbonyl 
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978 HODGSON AND PERCY 

Table 2 

Frequencies (cm-l), lsN-induced shifts (Au15N), 180-induced shifts 

(Au180), 13C-induced shifts (Au13C) and assignments in the IR spectrum 
of [VO(sal-gly)(H20)] (formula I) (all other bands above 600 cm-l 

shift ~1.5 cm-l and below 600 cm-l shift <1 cm-l). 

Ua Avl 5N AV’ 80 Aul 3C Assignments 

1636 -12 t1 uC=N 

1594 - 2 1  -33  uc=o 

1547 - 2  

1449 -5 6C-H t uC=N 

1416 -3  -3.5 -4.5 6C-H t uC-CO 

1395 -3 6C-H t uC-N 

1371 -4 -14 -23 vC-O( alkyl )b 

1331 uC-0 (aryl ) 

1295 - 3  - 3  impure vibrationb 

1072 -19 uC-N 

1005 vv=o 
1002(sh) -2 - 3  impure vibrationb 

96 2 

944 

-4 -17 

-13 -4 
CO2 scissor 

747 - 20 -5 Cog rock 
663 ( br ) 

578 -2  -4 -1.5 ring deformation 

567 -4 - 8  COP wag 

544 uV-O(aryl) 

H20 wag 

536 -3.5 -5 .5  -2.5 uV-N t 6C02 
515 -2 -1.5 coupled 6CO2 

483 -2.5 -2.5 uV-N t uV-O(alky1) 

40 8 -6 uV-0 (alkyl) 

379 -5.5 -1.5 uV-O(alky1) t 6CO2 

357 -2 60-V-N 
338 

332(sh) 
-2 

-2.5 

285 -1.5 - 2  6N-V-0 (alkyl 
277(sh) -2 - 2  

245 

216 - 2  
-2 60-V-O(alkyl) 

a s h  shoulder ; br = broad : see text 
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N-SALICYLIDENEGLYCINATE 979 

t h e  band 

sal icylaldimines1-2 and s a l i c y l a l d e h y d e ~ ~  . 
has been assigned as  s k e l e t a l  s t r e t c h i n g  i n  N-methylsalicylaldimine 

c o m p l e ~ e s ~ - ~ .  

t h e  vanadyl s t r e t c h i n g  frequency, vV:O. 

r e l i a b l y  assigned12 t o  t h e  broad band a t  663 cm-l. 

supported by t h e  l a c k  of s e n s i t i v i t y  of  t h i s  band t o  i s o t o p i c  l a b e l l i n g .  

a t  1331 cm- l  where it has been s i m i l a r l y  ass igned i n  me ta l ( I1 )  

Furthermore a band near  here 

The sha rp  and i n t e n s e  band a t  1005 cm-l is  undoubtedly6y10-11 

The H20 wagging v i b r a t i o n  is 
c 

This assignment is  

I t  has been e s t ab l i shed7  t h a t  a comparison of t h e  observed i s o t o p i c  

s h i f t  with t h a t  ca l cu la t ed  for t h e  corresponding diatomic o s c i l l a t o r  

provides  a good ind ica t ion  of t h e  v i b r a t i o n a l  p u r i i y  of t h e  s t r e t c h i n g  

v i b r a t i o n  if most of t h e  energy of  v i b r a t i o n  is centred i n  t h e  diatomic 

group, 

v i b r a t i o n s .  

v i b r a t i o n  while t hose  observed f o r  vC=O suggest7 it has a reasonable  

degree of  p u r i t y .  

Favourable comparisons have a l s o  been obtained7 for bending 

Thus t h e  s h i f t  observed f o r  vC=N i n d i c a t e s 7  it is  an impure 

Two bands i n  t h e  1450 - 1370 c m - l  r eg ion  are s e n s i t i v e  t o  

15N-labell ing while a f u r t h e r  two a r e  s e n s i t i v e  t o  a l l  three forms of 

i so top ic  s u b s t i t u t i o n .  

reported t o  be s k e l e t a l  and C-H deformations i n  me ta l ( I1 )  N-methylsalicyl-  

a l d i r n i n e ~ ~ - ~ ,  and because o f  t he  small s h i f t s  observed, t h e  band a t  

1449 cm-l is assigned as 6C-H t vC=N while t h a t  a t  1395 c m - l  is  assigned 

as 6C-H t vC-N. The 1416 c m - l  band is  probably 6C-H + vC-CO2 coupled t o  

some n i t rogen  mode. 

vC-O(alky1) i s  assigned by i ts  r e l a t i v e l y  l a r g e  l80- and 13C-shif ts  t o  t h e  

band a t  1371 c m - l .  

t h e  o t h e r  15N-sensit ive bands i n  t h i s  r eg ion  or t o  a CCN out-of-phase 

s t r e t c h  r epor t ed7  i n  t h i s  r eg ion  for amino ac ids .  

Since many bands i n  t h i s  r eg ion  have been 

vC-CO2 has been r epor t ed  near  here  f o r  amino a c i d s 7 .  

The 15N-sensi t ivi ty  poss ib ly  r e s u l t s  from coupling t o  

The weakerl80- and 13c - sh i f t s  of t h e  band a t  1295 cm-l shows it t o  
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9 80 HODGSON AND PERCY 

be an impure v ib ra t ion .  

C-C s t r e t c h i n g  (observed here i n  t h e  spec t r a  of l a b e l l e d  ketones7) ,  coupled 

6C-C=0 or coupled vC-COZ7. 

probably an impure GC-C=N which is coupled t o  a C-C v i b r a t i o n  (Avl’C = 

- 3  cm-’). 

only be made af ter  f u r t h e r  l a b e l l i n g  s t u d i e s  with 13C and, perhaps,  

deuterium s u b s t i t u t i o n .  

Poss ib l e  assignments are coupled C=O bending + 

The shoulder a t  1002 cm-l (Av15N -2 cm-l) is  

More d e f i n i t e  assignments i n  t h i s  r eg ion  above 600 c m - l  could 

Table 2 r e v e a l s  t h a t  many of t h e  bands below 600 cm-l, where t h e  

metal-l igand v i b r a t i o n s  and r i n g  deformation modes a r e  expected t o  occur ,  

a r e  s e n s i t i v e  t o  i s o t o p i c  l a b e l l i n g ,  with 60% of t h e  180-sensi t ive bands 

observed i n  t h e  spectrum of  t h i s  complex being found i n  t h i s  r eg ion .  

Because of t h e  small i s o t o p i c  s h i f t s ,  it is evident  t h a t  t h e  ma jo r i ty  of 

t h e  bands i n  t h i s  r eg ion  are impure v i b r a t i o n s .  The band a t  578 cm-’ i s  

assigned as a r i n g  deformation, being s e n s i t i v e  t o  a l l  forms of i s o t o p i c  

replacement.  

undoubtedly t h e  band a t  567 cm-’. 

band which is unaffected by t h e  heavier  isotopes.  

i n  t h i s  p o s i t i o n  i n  metal  s a l i ~ y l a l d e h y d e s ~ .  

The C O z  wagging v i b r a t i o n  expected below 600 cm-’ is  

vV-O(ary1) is assigned t o  t h e  544 cm-l 

vM-0 has been r epor t ed  

The band a t  536 c m - l ,  which is  moved t o  lower frequency by each 

isotope,  is  assigned as vV-N t bC02.  

deformation mode because it is t h e  one most s h i f t e d  by 15N. 

p r e f e r  t o  suggest  it has vV-N cha rac t e r .  

cha rac t e r  occurs  a t  483 c m - l  and appears  coupled t o  vV-O(alky1). 

least-coupled vV-O(alky1) band is a t  408 cm-l (Av18U -6 cm-1). 

r e l a t i v e l y  l a r g e  s h i f t  suggests  

neighbouring band a t  379 cm-I which shows a smaller  18U-shift as wel l  a s  

being 13C-sensi t ive is  assigned as vV-O(alky1) + 6C02. 

i s  assigned as 60=V-N r a t h e r  t han  vV-N because t h e  15N-shift  i s  smaller 

This band i s  un l ike ly  t o  be a r i n g  

We t h e r e f o r e  

The o the r  band having vV-N 

The 

This 

it is  a f a i r l y  pure v i b r a t i o n .  The 

The 357 cm-l band 
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N-SALICYLIDENEGLYCINATE 9 a 1  

than  observed for t h e  bands a t  483 and 536 cm-l. 

p r o p o s a l  t h a t  t h e  remaining bands between 340 and 200 c m - l  a r e  v a r i o u s  

vanadium-ligand bending modes i s  provided  both  by t h e i r  p o s i t i o n  and by 

t h e i r  small i s o t o p i c  s h i f t s .  
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