
. . 

 N,N-

2015



461.2 73-5
 544(075)

 724

. . . . 

 724

 «
»  2009–2018 .

. 
. 

N,N-  :
.   /  .  .   ; .  .  .  –

 : , 2015. – 15 .

, -
.

 3-

.

461.2 73-5
 544(075)

© 
    , 2015



3

1. -

, -
, 

. -
-

. -
 C–N  N,N- -

 ( ):

1H  -
 ( . 1).

. 1. 1  N,N-

, 
 A  B -

-

( . .)
4,06,08,0 2,0

C

A

C

A

B

O

H
N

CH3

CH3

B



4

. 
, 

1H -
.

, 

. ,  C–N ,
, 
 ( . 2). 

,  C–N .

. 2.  N,N-

–N 
, , , -

 ( )  .   20  °
-

. 
, ,

,  150 °  ( ) 
, 

.

1 ,  

: , 
. -

 ( ).

:
;

;
-

;

O

H
N

C H3

C H3

O

H
N

CH3

CH3

O

H
N

CH3

CH3

-

+



5

-  (
, 
);

.

, 
 105–10–5 –1. 

, 
-

.

2. 

2.1. 

, 
, 

= ( A – B) k. -
. 

1 .  3.  
 (k << ), 

A B ( . 3 ). -
 (k >> )  

-
 ( . 3 ). 

 ( . 3 ).
-

 (T2)  (T1) -
. 

, .
,

.



6

. 3.
1  N,N-

. .)
2,762,842,923,003,08

(c)
0,150,100,00 0,05

)1/2

) 

) 

) 

A)1/2

  (AB)

) 
(AB)0

A
o)1/2 B

o)1/2



7

, E -
t

:
.E t (1)

, , . .
, -

:
.E h (2)

. -
 (1)  (2) , 1/2,

,
:

1/ 2
1 .

2
E
h h t t

(3)

, 
-

. , 

:
2

2 2 2 2 2

( )( ) ,1( ( ) ) 4 ( ) ( )2

A B

A B A B

Kg (4)

g( ) – , K – 
, A B – , k – 

, 1.k ,  (4)
, 

. ,  A, B

g( ). -
.



8

2.2. 

A BA

B

k

k
.

, 
: kA = kB = k.

-
. 

, -
 (4), 

.
: , 

1( ) ,A Bv v  (4) 
:
*

2
2 * 2 2

2

( ) ,
1 4 ( ) ( )

A

A A

KTg
T

(5)

*
2 AT  – . 

0
1 2( )A :

0
1 2 *

2

1( ) .A
AT

(6)

:
A, , 

:

1 2 *
2

1 1( ) .A
AT

(7)

 (6)  (7) -
k:

0
1 2 1 21/ [( ) ( ) ].A Ak (8)

, 



9

 (  (9)). 
: , -

,  ( ).
1 22 2

( )0 ( ) .
2 AB ABk (9)

( )0 ( )AB A B  – -

, ( ) ( )AB A B  – 
-

.
:

 –
. 

:

( )0 .
2 ABk (10)

: -
-

. 1( ) ,A Bv v
 (4) :

*
2

2 * 2 2
2

( ) .
1 4 ( ) ( 2 )A B

KTg
T

(11)

: * * *
2 2 2

1 1 1 1 .
2 A BT T T

,  ( . . 3):
2
( )0

0
1 2 1 2

1 .
2 [( ) ( ) ]

AB

A

k (12)

,  (5)–(12) 
-

.



10

2.3. 

. -

:

0ln ln .ak k E RT (13)
, -

:

exp .b rk T Gk
h RT

(14)

 (14) , 
-

.
,r r rG H T S , rG -

 (14) ,
:

1ln ln .r r bk H S k
T R T R h

(15)

ln k T  1000/T, -
, 

 –  Y.

3. -6. 
 N,N- -

,
. 

, , -
. 

, 
:

, , -



11

, ,
» .

. 
1

 – 
 N,N- .

: , -
, , 

 N,N- -
.

:
–  Bruker DPX-250 NMR;
–  20–200 

100–1000 ;
–  (5 );
– N,N- ;
–  ( ).

1. ,  0,5  N,N- -
. , -

.
2.

, .
3.  90 ° , 

1  90–150 ° , 
 5–10 °  ( -

 153 ° ).
4.

, :

T, A B A – B A)1/2 B)1/2



12

, 
 20 °

. -
, 

, . -
k ,  (8), (9),

(10) 
1  (4). 

 1.
 ln(k) – (1000/ T), 

 (13), 
, Ea -

k0.
 ln(k /T) – (1000 /T), 

 (15), 
, rG , rH rS .

:

 ( , ,
). -

, 
;

:  -
k, , 

 ( -
);

ln 1000 /k T ln / 1000 /k T T ;

: Ea, k0,  rG ,  rH ,  rS  (
), .



13

 1

1 -

:

1) 1  XWinNMR,  
 [6].

2)  JCAMP-DX. 
 «File» – «Conversion» –

«to jcampdx». 
 «Real»,  ,  

.

3)  Origin  8   «File»  –  «Import»  –
«JCAMP-DX»,  ( -

 .dx).

4) :  2 ,
,  «Plot» – «Line». -

, -
.

5)  «Analysis» – «Peaks and Baseline» – «Fit Multi-
ple Peaks».  «Peak Type»  «Lorentzian», «Number
of Peaks»  2. 

.

6)  «Multiple Peaks Fit Report», -
,  «Peaks» – «Width» -

, .



14

1. .
2. .
3. 1 ?
4. -

?
5. : .

1. Gasparro F. P., Kolodny N. H. NMR determination of the rotational
barrier in N,N-dimethylacetamide. A physical chemistry experiment
// Journal of Chemical Education. 1977.  54. P. 258–261.

2. Dimitrov  V.  S.,  Ladd  J.  A. Dynamic NMR – comparison of the
experimental barriers to internal-rotation in N,N-dimethylformamide
with those calculated by the ab initio SCF MO method // Journal of
Molecular Structure. 1987.  159. P. 107–112.

3. Cheng H. N., Gutowsky H. S. The Use of Shift Reagents in Nuclear
Magnetic Resonance Studies of Chemical Exchange // Journal of
American Chemical Society. 1972.  94. P. 5505–5507.

4. Macomber R. S. A complete introduction to modern NMR spectros-
copy. N. Y.: John Wiley & Sons Inc., 1998.

5. . -
:   /  .  .  ,

.  .  ,  .  .  .  :  ,  2013.

. 2. .
6. : -

 / . . , . . . -
: , 2008.



 N,N-

. . 
. . 

 10.06.2015 .
  60 84 1/16

.- . . 0,95. . . . 0,9.

.
630090, -90, . , 2.


