
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 30 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Spectroscopy Letters
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597299

Spectroscopic Studies of Some Organic Compounds: Solvent Effects on 1H
NMR Shift of Amine Proton of Morpholine
Salim Y. Hannaa

a Department of Chemistry, College of Science, University of Mosul, IRAQ

To cite this Article Hanna, Salim Y.(1990) 'Spectroscopic Studies of Some Organic Compounds: Solvent Effects on 1H NMR
Shift of Amine Proton of Morpholine', Spectroscopy Letters, 23: 5, 567 — 575
To link to this Article: DOI: 10.1080/00387019008054440
URL: http://dx.doi.org/10.1080/00387019008054440

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597299
http://dx.doi.org/10.1080/00387019008054440
http://www.informaworld.com/terms-and-conditions-of-access.pdf


SPECTROSCOPY LETTERS, 23(5), 5 6 7 - 5 7 5  (1990) 

Spectroscopic Studies  O f  Some Organic 

Compounds: Solvent Effects On 'H NMR 

S h i f t  O f  &nine Proton Of Morpholine. 

Salim Y. Hanna 

Department of Chemistry, College o f  

Science, Universi ty  of Moeul, IRAQ. 

Abstract : 

The inf luence of the ap ro t i c  Solvents on the  'H NbfR 

spec t r a  of the  IT-F: proton has been studied. The chemical 

s h i f t  shows qui te  good co r re l a t ion  w i t h  the solvatochromic 

parameters, K* , 
t h e  Gutmann donor and acceptor numbers were obtained. 

, and 4 ,  while a falr co r re l a t ion  w i t h  

Introduct ion:  

Solvent p o l a r i t y  and hydrogen bongding e f f e c t s  on a 

number of physical  and chemical p rope r t i e s  and r e a c t i o n  

567 
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568 HANNA 

parameters a r e  unravelled and r a t iona l i zed  by mean of  t h e  

so lva tocbomic  equatiol-5, of a g e n e r d  form: 

1 The 

desc r ibes  the  a b i l i t y  of a solvent t o  s t a b i l i z e  a eolu te  

charge or dipole  by v i r t u e  of i t 's  d i e l e c t r i c  e f f e c t ;  "he 

4- sca l e  of hydrogen bond donor (HBD) a c i d i t i e s  nee- 

su re  t h e  solvent  a b i l i t y  t o  share  a proton i n  a solvent- 

to-solute  hydrogen bond; The 

accepter  (HBA) b a s i c i t i e s  

share  a proton from an hydrogen bond donor solute .  5 -is  

a p o l a r i e a b i l i t y  co r rec t ion  term equal t o  (0.0) for non- 

ch lor ina ted  a l i p h a t i c  solvents ,  (0.5) f o r  polychlor inated 

x* - sca l e  of dipolority-polu7izabilitiee 

4 

p - sca le  of hydrogen bond 

measure t h e  so lvent  a b i l i t y  t o  4 

a l i p h a t i c  and (1.0) for aromatic so lvents ;  s, d, a, and 

b - represent  the  responses of X Y Z  t o  t h e  so lvents  p o l a r i t y ,  

p o l a r i z a b i l i t y  and hydrogen bonding proper t ies .  

term i n  equation ( 1 )  m a y  be t h e  Logarithm of a r a t e  cons tan t ,  

equi l ibr ium constant ,  t h e  p o s i t i o n  or i n t e n s i t y  of m a x i m a l  

absorpt ion i n  an I R ,  W, N?dR, or ESR spectrum..,etc. 

The XYZ 

Correlat ion o f  these  type  has  been t h e  subjec t  of 

extensive study which w a s  so f a r  reported include, bathochromic 
shift a t t r i b u t a b l e  t o  hydrogen bonding in U.V-Visible spec t r a  

of a l a r g e  number of  a n i l i n e  a n d  phanol 

NMR 

'H 
hydrogen bonding shifts of fluorodinitrornethane, 

3-methylbut-3-en-i-yne and chloroform 4 ; IR s t reching  frequency 

6 shifts of phenol and 4-fluorophenol . 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
0
0
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



569 SPECTROSCOPIC STUDIES OF SOME ORGANIC COMPOUNDS 

Table (1) :  'H NMR Spectral  S h i f t  of N-H proton o f  morpholine 

and so lvents  parameter' used f o r  mul t ip le  l i n e a r  

c o r r e l a t  I ons . 
Solvent 

D i  oxane 

Pyridine 

Acetone 

A c e t d t r a l  

Nilxome- 
thane 
D W  

D X O  

PhH 

PhAfe 

PhaMe 

PhEr 

PhCl 

CHCl 

CH2C12 

;at 10% 

2.20 

2.50 

2.30 

2.20 

2.20 

2.68 

2.90 

1.35 

1.30 

1.60 

1.48 

1.5 

1.95 

1.95 

2.35 

2.45 

2.35 

2.21 

2.17 

2.48 

2.4 

1.68 

1.8 

2.1 

1.91 

2.0 

2.10 

2.26 

t 
7 

0.55 

0.87 

0.71 

0.76 

0.8 

0.88 

1.0 

0.59 

0.54 

0.73 

0.79 

0.7 

0.76 

0.8 

- 
4 

0 

0 

0.07 

0.24 

0.31 

0 

0 

0 

0 

0 

0 

0 

- 

0.38 

0.3 

P - 
0.37 

0.64 

0.48 

0.31 

0.2  

0.7 

0.76 

0.1 

0.11 

0.22 

0.06 

0.07 

0 

0 

- 
DN 

4.8 

13.1 

7.0 

4.1 

2.7 

- 

16.6 

19.8 

0.1 

0.1 

- 
- 
- 
4.0 
- 

AN 

10.8 

14.2 

12.5 

18.9 

20.5 

16.0 

19.3 

8.2 

- 
- 
- 
- 

23.1 

20.4 

a- values taken from referencea c i t e d  i n  t e x t ,  
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Fig.: P l o t  of d (N-H) observed VS. s (N-H) calculated 
according to equation (4). 
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SPECTROSCOPIC STUDIES OF SOME ORGANIC COMPOUNDS 571 

7 

f o r  solvent nucleophilicity and e lec t roph i l i c i ty  known as 

donor number (DN)  and acceptor number (AN),  which have been 

proposed t o  unravel some of the d i f f e ren t  propert ies  of t he  

medium. 

I n  similar vein Gutmann has developed other parameters 

The present work is concerned with the  appl icat ion of 

multi-parameter equatione t o  resolve solvent e f f e c t s  on t he  

'H NMFi spectra of the N-H proton of morpholine at 1096 and 

4096 concentration V:V. 

Result and Discussion: 

The chemical s h i f t s  of N-H proton of morpholine observed 

using TMS as i n t e rna l  reference a r e  assembled i n  t a b l e  (1 )  

t o  gether with the solvents parameters. 

The correlat ion of our resu l t  i n  table  (1) with  sin& 

solvents parameter w a s  poor with a correlat ion co f f i c i en t  

( r 6 0.7). 

The correlat ion w a s  imprortd by the multi-solvent para- 

meter treatment which impl i c i t l y  aUows f o r  various indepen- 

dent i n t e rac t ion  mechanism between solvent and eolute,  since 

it t ranspires  t ha t  no single  parameter can deal e f f ec t ive ly  

wi th  dl of  the type of phenomenon which vary with solvent. 

The l i r e t  s e t  of parameter analyeie by etepwis r e& 

ress lon  waa eolvatochromic parametere: 

** COP I o r i t i o a l  F. value 
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572  HANNA 

?he goodneaa of the  s t a t i s t i c a l  f i t  lncreaaes  a ignl f i -  

can t ly  i n  the  mul t ip le  linear r e g r e a d o n  equat ion wi th  l3 and 

o( (eq. 2-4). The b/s r a t i o  equal (2.61) in equat ion ( 4 )  

suggest8 that  the aolvents  b a d c i t y  parameter (fi ) e f f e c t 8  

account far s ign i f i can t  proport ion of t h e  t o t a l  ah i f t .  

a c i d i t y  parameter ( 4 ) ahows a fair improvement i n  t he  

cor re la t ion  (eq. 2-4) i nd ica t e s  t he  minor dependences of t h e  

chemical shlft M eolventa ac id i ty .  

(1.92) emaller t a l u e  than b/s r a t i o  eupporte t h e  preferment 

of basicity parameter on the  chemical ahi f t ,  

'31Ile 

The a/8 r a t i o  equal 

On the other  hand a poor co r re l a t ion  was obtained when 

a chemical s h i f t  values  measured at 40% V:V was introduced 

in regression. ( equation 5). 

6 N-H =1.862 + O . O 8 8 ( X *  -0,46)+0.35 + 0,71513 20.36 

+0.568 o( 20.55 ..... ( 5 )  

n= 14, C.F ~ 0 . 1  , r-0.7 
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S P E C T R O S C O P I C  S T U D I E S  OF SOME O R G A N I C  COMPOUNDS 573 

Poorer q u a l i t y  cor re la t ion  obtained a t  high concentr+ 

t i o n  as might be expected due t o  l a r g e  s e l f  a s soc ia t ion  

e f f e c t  comparied wi th  the so lva t ion  e f fec t .  

The next  s e t  of rquations (6,7) involves t h e  Cutmann 

donor number (DN),  and accepter number ( A N ) .  Avalhes are 

ava i l ab le  for only nine so lvents  ( t a b l e  1). 

6 b H =  1.761 + 0.0311DN 2 0.007 

Ilr 9, C.F = 0.1 , r = 0.72 

......... (6) 

6 N-H= 1.213 + 0.0314m 2 0.005+0.034AN 2 0.013 .... .(7) 

n=9 , C.F P 0.1 , r = 0.86 

There is a r e l a t i v e l g  falr l i n e a r  r e l a t ionsh ip  between 

t h e  chemical shifts of the  N-H proton and the  donor number 

f o r  the  solvents .  T h i s  i s  i n t e rp re t ed  as a r e s u l t  of a solute-  

so lvent  i n t e r a c t i o n  due t o  the  nucleophi l ic  a t t ack  of t he  

so lvent  at  t h e  N-H proton. 

by more basic solvents ,  ( t a b l e  1). 

The g rea t e r  down f i e l d  shift induced 

C onclu si on : 

Although t h e r e  is no c r i t i c a l  de f in i t i on  ava i lab le  f o r  

t h e  condi t ions under which each parameter must be used, i t  

seems tha t  t h e  best approach t o  understand the  solvent  

e f f e c t s  on the  N-H s h i f t  is pr imar i ly  in terms of nucleo- 

p h i l i c i t y  ( b a s i c i t y  ) and so lvent  d ipo la r l ty  - polar iz+  
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574 HANNA 

b l l i t y  as a major and in term of e l e c t r o p h l l l c i t y  ( a c i d i t y )  

as a mlnor. 

Experimental: 
1 The H NblR measurements were carred out  on 60 WIz 

Hitachi Perkin-Elmer R-24 spectrometer at 258. The 

chemical shifts were determined using te t ramethyls i lane  

(TMS) as i n t e r n a l  reference, 

standard method then f r a c t i o n a l l y  d i s t i l l ed ,  mlddle  

f r a c t i o n  was kept  in a dark bo t to l ,  and used f o r  t h i s  study, 

Morpholine was p u r i f i e d  by 
8 
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