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ABSTRACT The usefulness of  the spec t ra l  subt rac t ion  and addit ion 
techniques  in analysing the in f ra red  and Raman spec t ra  of c l a t h r a t e s  and 
in t e rca l a t e s  has been explored.  With both types of compounds the tech-  
niques have revea led  guest  molecule  bands which were  previously obscured 
by host l a t t i ce  bands. 

1. INTRODUCTION 

The s tudy of  the inf rared and Raman spec t ra  of inclusion compounds can 
provide useful in format ion  such as (i) the s t a t e  of aggregat ion  and 
conf igura t ion  of the guest  molecule ,  (ii) the vibrat ional ,  ro ta t iona l  and 
t rans la t ional  motions of the guest  molecule ,  (iii) the  r e s t r i c t ed  internal  
ro ta t ions  (torsions) of  the guest  molecule ,  (iv) host l a t t i ce -gues t  molecule  
in te rac t ions ,  and (v) the spec t r a  of  host l a t t i ces  and guest  molecules  in 
unusual conf igurat ions .  [2] 

The main l imi ta t ion to the usefulness of these  spec t roscopic  t ech-  
niques arises f rom the fac t  tha t  both components  of the inclusion compound 
give a spec t rum,  with the guest  molecule  bands genera l ly  being weaker  
than the host l a t t i ce  bands. There  can t h e r e f o r e  be ex tens ive  overlapping 
of  the host l a t t i ce  and guest  molecule  bands with some of the guest  
molecule  bands being obscured by the host l a t t i ce  bands. 

A previous paper  [1] r epor t ed  on the usefulness of the spec t ra l  
sub t rac t ion  technique  in analysing the in f ra red  spec t ra  of c l a th ra t e s  fo rmed  
by quinol and by Dianin's compound.  Here  we repor t  on the use of the 
technique  in analysing the in f ra red  spec t ra  of some in t e rca la t e s  of 
zirconium phosphate,  and the Raman spec t ra  of some c l a th r a t e s  of quinol. 

2. EXPERIMENTAL 

The c l a th r a t e s  of quinol were  prepared  by recrys ta l l i sa t ion  from the 
liquid guest  or by bubbling the gas through a sa tu ra ted  ethanol  solution 
[3]. Samples of  the s - z i r c o n i u m  phosphate  in te rca Ia tes  were  kindly donated  
by Prof.  U. Costant ino,  Univers i ty  of  Perugia,  Italy. 
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Inf_r~red. spec t ra  were  recorded  from KBr discs over  the range 4000- 
225 cm_l  using a Nicolet  MX-I i n t e r f e ro m e te r ,  and Fourier  t r ans fo rmed  
at  2 cm resolution.  

The Raman spec t ra  were  exc i t ed  using the 514.5 nm line of a CRL 
argon ion laser, and recorded  on a Cary 81 spec t rome te r ,  which had been 
modif ied to 90 ~ viewing by Anaspec.  The s p e c t r o m e t e r  was coupled to 
an Apple l l e  mic rocompu te r  through an Adalab i n t e r f ace  card.  The 
spec t ra  were  p lo t ted  on a Hewle t t  Packard  7470A plot ter .  

3. RESULTS AND DISCUSSION 

3.1 Infrared Spec t ra  

A previous paper [1] has r epor ted  a deta i led  study of the usefulness 
of the technique in analysing the inf rared  spec t ra  of c l a th ra t e s  formed 
by quinol and Dianin's compound. Figure 1 i l lus t ra tes  its appl icat ion to 
the inf rared spec t rum of the imidazole  in t e rca la t e  of Zr(HPO4) 2. The 

broad band at around 1000 cm - t  in Fig. la,  arising from the P-O s t re tch ing  
modes, shows ev idence  in Fig. lb of being over lapped by several  imidazole  
bands. The d i f f e rence  spec t rum {Fig. lc) c lear ly  i l lus t ra tes  the numerous 
bands which are  obscured in Fig. lb. 

3.2 Raman Spec t ra  

The Raman spec t ra  of  quinol clathrate_s t unlike the inf rared  spec t ra  
[4], are not dominated  in the 2700-3700 cm region by the OH band of 
the host la t t ice .  It is consequent ly  quite  easy to observe the methanol  
guest  molecule  bands in the Raman spec t rum of the c l a t h r a t e  
(Fig. 2a), and the d i f f e rence  spec t rum (Fig. 2c) mere ly  highitghts the 
intensi ty  of the guest  molecule  bands. 

One of the problems encoun te red  in the previous infrared s tudy [1] 
concerned  the choice  of r e f e r ence .  It was found tha t  a large d i f f e r ence  
be tween  the unit cell  dimensions of the sample and r e f e r e n c e  led 
to poor d i f f e rence  spect ra ,  and this e f f e c t  can be c lea r ly  seen in Fig.3c, 
the d i f f e r ence  spec t rum obta ined when subt rac t ing  the spec t rum of ~quinol  
from that  of the ace ton i t r i l e  c la th ra te .  When the CD~CN c l a t h r a t e  is 
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used as the r e f e rence ,  there  is a b e t t e r  compensa t ion  of the host l a t t i ce  
bands (Fig. 4c). Note  also that  the Vs(e} band of guest  CH~CN, marked 
with an aster isk in Fig. 4a, and which overlaps with a hos t31a t t i ce  band 
is comple te ly  revea led  in Fig. 4c. 

It is also possible to s imula te  spec t ra  of c l a th ra t e s  simply by adding 
two spect ra .  Figure 5c is the synthesised spec t rum of the ace ton i t r i l e  
c l a t h r a t e  obtained by adding the spec t ra  of ~quinol  (Fig. 5a) and liquid 
CH3CN (Fig. 5b). Note  that  the resul t ing spec t rum (Fig.  5c) is not identi-  
cal to tha t  of the c l a t h r a t e  (Fig. 4a}, since the ace ton i t r i l e  gues t  molecule  
has lost some of the ro ta t iona l  f reedom possessed by the molecule  in the 
liquid phase. This loss of ro ta t iona l  f reedom leads to many ch a rac t e r i s t i c  
f ea tu res  in the Raman spec t ra  of  the f3-quinot c l a th r a t e s  of CH3CN and 
CD3CN [41. 
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F i g u r e  1. T h e  i n f r a r e d  s p e c t r a  of  ( a ) c t - Z r ( H P O a ) 2 ,  (b) i ts  
i m i d a z o l e  i n t e r c a l a t e  and (c) t he  d i f f e r e n c e  s p e c t r u m  o b t a i n e d  b y  s u b t r a c -  
t ing  (a) f r o m  (b). 
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SPECTRAL SUBRACTION 

SAMPLE 
Q-MEOH, 

L_ 
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(c) 
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WAVENUMBER 

Figure 2. The Raman spectra of (a) the quinol methanol 
clathrate  (b) ~-quinol and (c) the difference spectrum. 
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SPECTRAL SUBTRACTION 
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Figure 3. The Raman d i f fe rence  spectrum obtained (c) when 
the spectrum of 8-quinol (b) is used as the reference .  
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SPECTRAL SUBTRACTION 
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Figure 4. The Raman di f ference  spectrum obtained {c) when 
the spectrum of quinol/CDaCN (b} is used as the reference .  
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SPECTRAL ADDITION 
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Figure 5. An illustration of the use of the spectral addition 
technique to simulate the Raman spectrum of the quinol/CHBCN clathrate 
(e) by adding the spectra of ~-quinol (a) and liquid CH3CN (b). 
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4. CONCLUSIONS 

The spectral subtraction technique can be applied equally successfully 
in the analysis of both the infrared and Raman spectra  of inclusion 
compounds, revealing guest molecule bands which would otherwise be 
obscured by the more intense host la t t ice bands. The spectral addition 
technique is also shown to be useful in simulating c la thra te  spectra.  
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