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SPECTROSCOPY LETTERS, 22(1), 15-29 (1989) 

PAMAN TEMPERATUF?E STUDY OF 12-LROWN-4 E I  NG 

FOUR1 El? DECONVOLUTI ON OF C H  STRETCHING 

SPECTRA 

K,ey words : C;r own, Temper a t  ur e , Ramari 

5 p  ect- r oscopy. C H  Sp ect-r a .  Four  I er Deconvol u t  i on, 

Intramol r c u l a r  In t e rac t ion ,  Fermi Resonance 
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16 ZHELYASKOV ET AL. 

of a model, expla in ing  t h e  v a r i e t y  of reso lved  

components w i t h  a s p l i t t i n g  of the  unperturbed CH 

s t r e t c h i n g  vi brati  on, ow1 ng t o  i n t r  amol e c u l a r  

i n t e r a c t i o n s .  The temperature behaviour of t h e  coupl ing 

c o n s t a n t s  of these i n t e r a c t i o n s  is discussed. 

I NTRODUCTI ON 

Pecent ly  the C H  s t r e t c h i n g  s p e c t r a  of some crown 

e t h e r s  (12-Cr own-4.15-Crown-5 and 18-Crown-61 and t h e i r  

complexes w i t h  L i ;  Na: K+ and Cu2' i n  s o l u t i o n  were 

s t u d i  ed u s 1  ng Four i er deconvolut i  on technique  . A 

model, which e x p l a i n s  t h e  variet,y of components i n  t h e  

resolved s p e c t r a  by means of a s p l i t t i n g  of t h e  

unperturbed C H  s t r e t c h i n g  frequency owing t o  

1 ! k r  amol ecul dr dnd Fer m i  resonance i nt  er a c t  1 ons,  was 

1 n t  r uduced. Us1 ng the t r equenci es of t h e  r e s o l  ved 

Iromporlerit-s i r i  t h e  i s o t r o p i c  and a n i s o t r o p i c  s p e c t r a ,  

the cons ta rks  t or in t ramolecular  in te rac t - ions  and Fermi 

resonance 35 well as a l l  parameters  according t r j  the 

model were c a l c u l a t e d  for  pure crowns and t h e i r  

I:ompleses. I t  was e5tab l izhed  t h a t  complexation leads 

t o  t-he Increase  i n  the frequency of t h e  unperturbed C H  

s t r e t c h i n g  v i b r a t i o n  owing t o  t h e  i n c r e a s e  i n  t h e  

r t - ra in  of the crown molecule w i t h  complexation. This  

tendency is most pronounced i n  t-he c a s e  of Na+-crown 

tcomplexes. The i n t  eract-ion c o n s t a n t s  do not  change 
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RAMAN TEMPERATURE STUDY OF 12-CROWN-4 1 7  

s i g n i f i c a n t l y  w i t h  complexation whithin t h e  limits of 

t he  estimated e r r u r .  

I t  is i n t e r e s t i n g  t o  be known i n  what e x t e n t  the 

temper a t  ur e var i a t i  on a f i  e c t s  the i n t e r  a c t i  on c o n s t a n t s  

and a l l  parameters according t o  the model. That is why 

i n  t h i s  work t h e  C H  Raman s t r e t c h i n g  s p e c t r a  of 

12-Crown-4 i n  water s o l u t i o n  a r e  s tud ied  i n  t h e  

t-emperatur e i n t e r v a l  5-80 "C. 

EXPERIMENTAL AND PROCESSING OF THE SPECTRA 

The 12-Crown-4 C12C41 was purchased from Merck and 

used without f u r t h e r  p u r i f i c a t i o n .  Double d i s t i l l e d  

water was used as  a solver i t .  I n  comparison w i t h  o ther  

p o s s i b l e  s o l v e n t s ,  water is very sui table  i n  t h i s  . c a s e  

becouse of both the  g r e a t  s o l u b i l i t y  of' crown i n  i t  and 

r e l a t i v e l y  small  overlapping between t h e  C H  s t r e t c h i n g  

v i b r a t i o n s  of crown and the low frequency wing of O H  

s t r e t c h i n g  v i b r a t i o n  e x i s t s ,  which permitas u s  t o  o b t a i n  

p u r e  c H  s t re tch ing1  s p e c t r a  a f t e r  simple d i g i t a l  

op er a t  1 ons 

Raman specLra were obtained using an o p t i c a l  

.;pertrum analyscr  OSA 500 ( E W M  Speot ronic l  The 514 5 

n m  line of  a Spect-ra Physics argon i o n  l a se r ,  Model 

2020-05, was used ior  exci ta t - ion.  Data a c q u i s i t i o n  was 

performed by mean5 01 A p p l e  I I e  computer i n t e r i a c e d  t o  

t h e  spectrometer .  The slit w i d t h  was chosen t o  be equal 
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18 ZHELYASKOV ET AL. 

t o  the s p e c t r a l  d i s t a n c e  between t h e  channels  of OSA - 

1 . 4  cm-t t h u s  determining t h e  accuracy of the d a t a  

obtained. 
Spec t ra  were measured under p a r a l e l  and 

perpendicular  p o l a r i z a t i o n s .  The base l i n e  due t o  0-H 

s t r e t c h i n g  v i b r a t i o n s  was s u b t r a c t e d  by means of a 

d i g i t a l  d i f f e r e n c e  method. The i s o t r o p i c  arid 

a n i s o t r o p i c  s p e c t r a  were c a l c u l a t e d  according tl: t!,t 

t h e o r y  of. t h e  Raman s c a t t e r i n g  and t h e y  were corr ectwl  

accounting for  frequency dependence of t h e  Ramxi 

intensit-y' A l l  data a r e  c o r r e c t e d  f o r  t-he s p e c t r a l  

t ransmi t tance  of the r e c e i v i n g  system. The 

deconvol u t i  on procedure was descr i bed i n d e t a i  1 s 

el sewher e 3-5 

RESULTS 

The i s o t r o p i c  (A-C> and a n i s o t r o p i c  CE-GI LH 

s t r e t c h i n g  s p e c t r a  of 1ZC4 i n  water s o l u t i o n ,  b e f o r e  

and after deconvolut ion,  a r e  presented i n  Figure 1. f o r  

a number of temperatures .  Two and t h r e e  components a r e  
observed i n  t h e  i s o t r o p i c  and i n  t h e  a n i s o t r o p i c  

deconvolutrd spect-r a of the crowri, r e s p e c t i v e l y .  T h e i r  

i r equencies ar e shown I ri Tab1 e 1 

The p o s i t i o n s  of the component5 i n  t h e  i s o ? r o p l c  
s p e c t r a .  Table 1 ,  do riot c o l n s i d e  w i t h  t h e  pos i t - lo i~s  t ~ ' ? f .  

the components i n  t-he a r l i so t rvpic  s p e c t r a ,  w i t h i n  the 
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RAMAN TEMPERATURE STUDY OF 12-CROWN-4 19 
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FIG. 1 .  Isotroplr cA-C?  and anlsotroplc CE-G:, Raman l:H 
;tretchlng spectra of 12174. before and a f t e r  Four&er 
deconvolution. a t  var ious temperatrires: C A I ,  C E I  5 C ;  
C R J ,  I F )  22 *C; CCI, (GI 80 C .  Assignment of the 
lsotroplrr .  CDI and anlsotroplc  CHI components according 
t. 1:) t- he model . 
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20 ZHELYASKOV ET AL. 

TABLE 1.  Frequencies of the Resolved Components i n  the  
I-H 5:pectra of 1ZC4 for the Investigated Temperatures. 

Anisotropic 

limits of the experimental e r ror ,  ca 1 . 4  cm-.' So, i t  

can be concluded that, f lve  independent components a r e  

~-~bserved i n  the spectra. The mutually lndependent, 

di f  f erent ftequericy s h i f t s  of the components w i t h  the  

temper a t  ur e i ncr ease support the 1 ast concl us1 on. 

I t  can be concluded from Table 1. that  the 

temperature increase leads t o  the decrease i n  the 

!requericy of the anisotropic components C6 - 7 cm-') 
arid Lo  some changes i n  their  r e l a t i v e  in tens i t ies .  The 

p o s i h o n s  and r e l a t i v e  intensities of the isotropic  

components do n o t  change wi t -h in  the limits of the 

exp er i mental err or .  
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RAMAN TEMPERATURE STUDY OF 12-CROWN-4 21 

DESCPJPTION OF THE MODEL AND SIGNMENT OF THE 

COMPONENTS 

I n t e r - p r e t a t i o n  of +,he I : H  s t r e t c h i n g  reg ion  and t h e  

derjlgnation of Lhe observed components i n  t he  

l i t e r a t u r e  1s cont rovers ia l '  . Recent ly ,  the complex 

shape of t h e  O H  s t r e t c h i n g  s p e c t r a  was i n t e r p r e t e d  by 

means of i n t r a - ,  i n t e r  - molecular and Fermi resonance 

i n t e r a c t i o n s 7 ' *  . Similar c o n s i d e r a t i o n s  f o r  CH FTIR 

s p e c t r a  of c y c l o b ~ t h e n e ~  and for  Raman spectra of 

C C H 3 1 4 N +  i n  t.he methyl s t r e t c h i n g  region" were made. 

I n  our previous work. t h e  model which concerns t h e  

i n t e r a c t i o n s  i n  and between CH, groups i n  crowns is 

descr ibed .  We suppose tha t  t .hree e f f e c t s  a r e  

r e s p o n s i b l e  for  t he  s p l i t t i n g  of' t h e  unperturbed C H  

s t r e t c h i n g  v i b r a t i o n  L),,, Fig. 2. The f i r s t  e f f e c t  15 

in t ramolecular  i n t e r a c t i o n  owing t.o coupl ing of the two 

L 

CH o s c i l a t o r s  

s p l i t t i n g  of vu 

components and 

of t h e  CH2 group. I t  leads t o  t h e  

i n t o  symmetric Cv,l and asymmetric CvaI 

V1 Chalf t h e  d i s t a n c e  4 between them1 

1s t h e  coupl lng cons tan t .  The second e f f e c t  1s 

in t ramolecular  i n t e r a c t i o n  owing t o  a coupl lng of every  

two adjacent  CH2 groups i n  t h e  crown molecule. 

inter-bond coupl lng '. I t  leads t o  t h e  subsequent 

s p l i t t i n g  of vs and va i n t o  ' in-phase '  and 

'out-of-phase'  v i b r a t l o n s .  vs i n t o  vss and vsa w i t h  a 

coupl ing cons tan t  VsCVs is t h e  ha l f  of and va l n t o  
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22 ZHELYASKOV ET AL. 

C-H STRETCHING 

FIG.  2. Model diagram of t h e  processes  lead ing  t o  d 
s p l i t t i n g  of t h e  unperturbed CH s t r e t c h i n g  v i b r a t i o n .  
For explanat ion of t h e  assignments.  see t ex t .  

and vaa w i t h  a coupl ing constant  V a C V d  is t.he 'as 
half of 

I t  is suggested t h a t  bending ic,cic,sorl vLmatl(i!n 

of CH2 1s s p l i t  too .  owing t o  inter-bond coupl ing ' .  AS 

can be e a s i l y  eva lua ted  t a k i n g  i n t o  account some 

t y p i c a l  va lues  f o r  CHZ bending frequency of crowns 

''"' and overtone ancharmonic c o n s t a n t s  C10 - 15 cm-'; 
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RAMAN TEMPERATURE STUDY OF 12-CROWN-4 23 

l o  the overtones of t he  s p l i t t e d  bending v ib ra t ion  

idesignated as 26, and 25, i n  Fig. 2 are s i t u a t e d  i n  

t.he CH s t r e t c h i n g  region too.  

The t h i r d  effect,. Fig. 2. is Fermi resonance 

between the  bending overtones and the components of 

s p l i t t e d  L I ~  v ib ra t ion  i n  accordance w i t h  the i r  

symmetry. The symmetry of the components i n  t h e  two 

in t e rac t ing  pair5 is s imi la r  because t h e i r  o r i g i n  is  

s imi la r  - a s p l i t t i n g  of a symmetric v ib ra t ion  owing t o  

inter-bond coupling. L~~~ and 26, , w i t h  separa t ion  

a re  transformed i n t o  I-',-/ and 26,' w i t h  separa t ion  

I!&; L!- and 26, , with i epa ra t ion  &a , are  changed 

i n t d  L ) ? ~  arid 2hi3.- , w i t h  separa t ion  Aja. The Fermi 

reSon;ince constants  o f  t-hese t w o  proceses a r e  denoted 

by W,: arid W, , r espect ivel  y. 

is 

i a  

id 

2 

Iii this way t-he components which could be observed 

& r e  three rjymmetric components i n  the i s o t r o p i c  spec t r a  

and thr-ee asymmetric components i n  t he  an i so t rop ic  

spect-ra . I t  must be noted, tha t  according t o  t h e  

ttleory of Paman ;cat-tering symmetric and asymmetric 

icompmeiit-.s appear i n  the ic:otdropic arid anisoLr opic 

spec t r a .  rec;pel:tively. Their correspondence t o  t h e  f i v e  

i:mponent:;, obzerved i n  our spec t ra .  is shown i n  Fig. 

1C.H.  I t  15 assumed tha t  i n  1 X 4  is negl ig ibe ly  

s o ,  I-lai% Vaaf V,. The mut-ual zmall ' ,  a r  i n  water . 

positioris ~:)f t h e  symmet-ric Csl and asymmetric Cal 
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24 ZHELYASKOV ET AL. 

components after s p l i t t i n g  C "s" i "a" or "a" > "s" 1 

depends on the  s i g n  of the mat r ix  element of t h e  

in te rac t ion '  . I n  our model - dlagram. Fig. 2. these 

d e s l g n a t i o n s  a r e  chosen t o  be i n  accordance w i t h  our 

experimental  observa t lons  and subs iquent  c a l c u l a t l o n s .  

The fol lowing s e t  of equat ions  apply  t o  t h i s  

s y s  t em: 

3 3  a + L'- ba = "a + 'sa 

26, + L', = 26 + v 

26, - 26 

3 >S S ss 

= d  a 27 

3 3 
A&= A& + 4w; ; gs= 6, + 4"; 

(11 

c 21 

C 31 

c 41 

c 52 

c 61 

c 71 

C 81 

c 50 

T h l s  set of equat ions  can be so lved  by i n t r o d u c i n g  

the  fo l lowing  i n i t i a l  condi t ions .  I t  1s assumed tha t  

symmet-ric and asymmetxic Fermi resonance c o n s t a n t s  are  

equal, W,= Wa = W. The e q u a l i t y  of these c o n s t a n t s  fo r  

water is obtained a f t e r  t h e  s o l u t i o n  of similar system 

of equat ions . The d i s t a n c e  between 26, and 26, - d 
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RAMAN TEMPERATURE STUDY OF 12-CROWN-4 25 

is assumed equal t o  40 cm-' The values for 
intramolecular and Fermi resonance coupling constants 

as we1 1 as f o r  unperturbed frequency vu a r e  presented 

i n  Table 2. 

DI SCUSTI  ON 

As can be seen i n  Table 2 .  the intramolecular 

constant V1 and Fermi resonance constant W do not. 

change wit.h the  temperature increase. The unsensi t ivi ty  

of V1 Cthe s p l i t t i n g  4 respectively) t o  the 

temperature variation could be owing t o  one of the two 

p oss l  b l  e r easons: 
-the frequencles of t h e  unperturbed vibrations of 

the two C H  osci la tors  belonging t o  .CH, group do not 

change wi th  the temperature increase and therefore the 
exact resonance between them take place f'or a l l  

i nves t i gat ed temperatures ; 

L. 

-the f r  equenci es of the menti oned unperturbed 

vibrations change i n  one and the same way w i t h  the 

temperature increase and therefore t h e  condition for an 

exact resonance is preserved too. 
As can be seen i n  Table 2,  t.he frequency of the 

unperturbed C H  oscilator ~1~ decreases w i t h  temperature 

increase. From that  f a c t ,  i t  can be concluded that  

probably t-he second reason is responsible f o r  the 

temperature behaviour of V1 I n  the case of water 
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26 ZHELYASKOV ET AL. 

TABLE 2. The Values of the IIhlCJlhted 
Intramolecular and Fermi Resonance Coup1 irig Lw~s+-arit-s 
and t h e  Unperturbed C H  Freqvncy for the Investigated 
Temperatures. A l l  Data i n  cm . 

solut-bons of crowns. solute-solute and solut-e-c,c)l ,writ 

lnteractions through C H  bonds a re  negligihely zmll C H  

bonds are  absent]. Therefore the redis t r ibut ion of the  

electron density of the crown molecule owing t o  

Lemperature increase leads t o  the equal perturlation of 

the C H  stretching osci la tors  and t o  the equal shifts i n  
t-heir frequencies. In cont,rast. i n  the case of wat-er , 

the two hydrogen bonds of every water molecule a r e  

s l i g t l y  different  a t  room temperatures owing t o  local 

non-uniformities and the two OH s t re tching osci la tors  

are  not i n  exact resonance. A t  temperatures near t o  t-he 

b o i l i n g  temperature. the strength of the H bonds is  

negligibly small s o  the symmetry of water molecule 

recovers and exact resonance take place. that  means the 

i ntramol ecul ar s p l i t t i n g  increases. 
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RAMAN TEMPERATURE S T U D Y  OF 1 2 - C R O W N - 4  27 

The inter -bond coupling cilnstant V, shows a 

t-endency t o  a decrease with the temperature increase. 

The t-ernperature behavlour of V, could be explained w i t h  

?he decreaze i n  the interaction between the adjacent 

I'H, group'; ctwir13 t-o the increa3e l n  the  internal energy 

of the crown molecule w i t  h the temperature i ncrease. 

The temperature behavinur of the intermolecular 

int-eraction i n  water7 is similar but  i n  that  case owing 
+-v t-rle decrease i n  the strerlgt-1-1 uf the H bonds with 

ternperat-ure , which leads t o  the decrease i n  the  

interaction bet,ween the water molecules. 

2 

2 

L 

Tcj the best of our knowledge these are the  f i r s t  

temperdture investdigations of C H  s t re tching reglon of 

12C4 i n water s o l  u t  i on us1 ng Four i er deconvol u t i  on 

t,echnique. The temperature behavi our of the coupling 

constant-s and t h e  parameters, calculated according t o  

the p r  esented model, a re  i n  agreement w i t h  the  physi cal 

ground of t-he model and J u s t i f y  assumptions made. 
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