
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 18 February 2013, At: 14:13
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

Molecular Crystals and Liquid Crystals
Science and Technology. Section A.
Molecular Crystals and Liquid Crystals
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl19

X-Ray Analysis and Proton Transfer
Reaction in the Crystal of 2-(2′-
Hydroxy-5′ -Methylphenyl)-5-Chloroben-
zotriazole
Aleksandra Lewanowicz a & François Baert b
a Institute of Organic and Physical Chemistry, Technical University
of Wroclaw, Wybrze[zgrave]e Wyspia[ngrave]skiego 27, 50-370,
Wroclaw, POLAND
b Laboratoire de Dynamique des Cristaux Moléculaires, Associé au
CNRS (UA801), UST Lille Flandres Artois, 59655, Villeneuve d'Ascq
Cedex, FRANCE
Version of record first published: 04 Jun 2010.

To cite this article: Aleksandra Lewanowicz & François Baert (1993): X-Ray Analysis and Proton
Transfer Reaction in the Crystal of 2-(2′-Hydroxy-5′ -Methylphenyl)-5-Chloroben-zotriazole, Molecular
Crystals and Liquid Crystals Science and Technology. Section A. Molecular Crystals and Liquid Crystals,
229:1, 53-58

To link to this article:  http://dx.doi.org/10.1080/10587259308032175

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, 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.tandfonline.com/loi/gmcl19
http://dx.doi.org/10.1080/10587259308032175
http://www.tandfonline.com/page/terms-and-conditions


Mol. Crysr. Liq. Cryst. 1993, Vol. 229, pp. 53-58 
Reprints available directly from the publisher 
Photocopying permitted by license only 
0 1993 Gordon and Breach Science Publishers S.A. 
Printed in the United States of America 

X-RAY ANALYSIS AND PROTON TRANSFER REACTION IN THE CRYSTAL 
OF 2 - ( 2 ' - J 3 Y D R O X Y - 5 ' - ~ ) - 5 - C H L O R O B E X Z ~ I A Z O L E  

ALEKSANDRA LEWANOWICZ 
Institute of Organic and Physical Chemistry, 
Technical University of Wroclaw, Wybrze%e Wyspianskiego 27,  
50-370 Wroclaw, POLAND 
F W O I S  BXRT 
Labratoire de Dynamique des Cristaux bblPculaires, 
AssociP au CNRS (UA801), UST Lille Flandres Artois, 
59655 Villeneuve d'Ascq Cedex, FRANCE 

Abstract Preliminary results of an x-ray crystal structure of 
2-(2'-hydroxy-5'-mthylphenyl)-5-chlorobenzotriazole at r m m  tempe- 
rature are presented as well as atomic parmters from an X-ray 
refinemnt and a TLS thermal vibration analysis on "heavy" atoms. 
These data allow the first step of an interpretation of the 
dynamics of the proton transfer reaction in ths mlecule. 

INI'RODUC~N 

2-(2'-hydroxy-5'-nrethylphenyl)-5-chlorobenzotriazole mlecule (ClTIN) 
belongs to the class of the compounds with an intrarrolecular hydrogen 
bond which are widely used as W stabilizers'-" , In such mlecular 
systems the reaction centers are parts of the sam mlecule and the 
proton is translocated along preexisting intrarrolecular H-bond. 

In the ClTIN mlecule, the proton transfer (IT) reaction in the S, 
state takes place in non-polar enviromnt, at 77 K only. In hydrogen 
bonding matrices, intermlecular H-bond between the ClTIN mlecule and 

7 

the solvent prevents excited state prtoton transfer'. However, in the 
crystalline state at r m m  tenperature, a very broad, highly Stokes- 
shifted "red" fluorescence was detected. This emission has been 
attributed to the W form of ClTIN' . In p-dibrodiphenyl matrix at room 
temperature, maximum of the emission spectrum of ClTIN is shifted toward 
short wavelength range, probably because of a non-planar conformtion 
by the mlecular packing forces, like in the parent mlecule TIN"' . 

9 

There are m y  structural requirements that control the dynamics of 
the intramlecular PT. It is interesting to look for a connection 
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between mlecular structure "prepared" to proton transfer reaction in 
the ground state and after excitation. Evidence is presented whch 
indicates that the conformtion of ClTIN mlecule in the solid state is 
almst planar which allow the excited state proton transfer. 

1 1 ,  i.4 Ekperimntal details were close to presented in 

CRYSTAL STRUCTURE 

X-ray studies of ClTIN were carried out at room temperature and the 
crystal structure was refined according to . ClTIN with the formula 
C, o N , 5 0 C 1  crystalizes in the mnoclinic space group P2, /n with the 
lattice pararneters a = 11.222 A ,  b = 3.917 A ,  c = 26.949 A ,  B = 99.78'' 

and Z = 4 .  Bond distances and selected angles for ClTIN mlecule, 
calculated from fractional atomic coordinates, are presented in Table I. 

1 3  

N i 

r 

a 
E 

Figure 1 

Figure 2 Electron density difference synthesis in the central part of 

Crystal packing of ClTIN. 

ClTIN mlecule. Substracted H atom in 0-H . . .  N bridge. 
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TABLE I Interatomic distances and selected angles for ClTIN 
(estimted standard deviations in parentheses) 

Distance r (A) Distance r ( A )  

c1 - c2  
C1 - C6 

C 1  - N 1  

c2  - 01 

c2  - c 3  
c 3  - c 4  

c 4  - c5  

C5 - CM 

C5 - C6 

1 .385(  2 )  

1 . 3 9 7 ( 3 )  

1 . 4 3 3 ( 4 )  
1 .354(  3 )  
1.388( 4 )  

1 .376(  3 )  

1 .368  ( 2 )  

1 . 5 1 6 ( 3 )  

1 . 3 7 4 ( 4 )  

N 1  - N2 1.316 

N 1  - N3 1.340 

N2 - c12 1 .354  

N 3  - C7 1 .353  

C7 - C 8  1.418 

C8 - C9 

c9  - c10 

c9 - c1 
c10 - c11 
c11 - c12 
01 - HO1 

C3 - H3 

C4 - H4 

CM - H1M 

CM - H2M 
CM - H3M 
C6 - H6 
C8 - H8 

C10 - H10 

C7 - C12 1 . 3 9 9 ( 2 )  C 1 1  - H11 
Angles : 
C 1  - C2 - 01 1 2 4 . 7 ( 2 )  

C2 - 01 - Ho1 113 .5 (2 )  

C2 - C 1  - C6 120 .5 (2 )  

N2 - N 1  - N3 117 .2 (2 )  

C7 - C 8  - C9 1 1 4 . 5 ( 2 )  

C 7  - C12 - C 1 1  121.662) 

1 , 3 5 2 (  3 )  

1.408 ( 2 )  

1 .754(  4 )  

1 .347(  4 )  
1 . 4 0 8 ( 3 )  

1 .149(  4 )  

0.843( 2 )  

0 .915(  4) 
1 . 0 6 8 ( 3 )  

1 .097(  1) 

1 .089(  2 )  

0.921 ( 2 )  

0.976( 2 )  

0.905( 3 )  

0.998( 2 )  

Numbering of the atoms according to Figure 3 .  

TJERMAL ANALYSIS DATA 

According to Hirshfeld' ' the man square displacemnt amplitudes (MSDA) 
of a pair of non-hydrogen atom in a typical organic mlecules should be 
almst the s m  along the bond direction, though they m y  be widely 
different in other directions. From these preliminary results it m y  be 
deduced that the differences in MSDA are order 10 x 10-' A 2 .  Sore 

examples are in Table I1 (see also Figure 3 ) .  
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TABLE I1 Differences in MSDA values (10' x A MSDA) in w 2  for 
"heavy" atoms in the ClTIN mlecule 

Atom C 1  C9 C7 N 3  N2 N1 C6 C 3  01 C2 

c1 -30 -51 -40 -35 -31 -63 120 -56 12  -1 

c2  -29 -39 -68 -9 -43 -50 56 21  -14 

01 11 14 -65 20 -57 -25 79 147 

c3 -48 -36 -63 -23 25 -22 1 5  

C6 -100 -130 -104 -159 8 -134 

N1 22 2 22 -51 -33 

N2 -98 -149 -51 -32 

N 3  -12 -22 -82 

c7 11 20 

c9  56 

Displacemnt parmters for the cresol miety with C6 atom 
are too large and it is difficult to say that this fragmnt of 
mlecule seem to be less rigid. See also Figure 3 .  

Figure 3 Conformtion of crystalline C1TIN16 with the numbering 
related to Table I .  
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RIGID-BODY MIDEL 

A least-squares analysis of the rigid-body mtion of the mlecule was 
carried out according to the &el of Schomker and Trueblood15. In the 
mdel, only U1,) values of the non-hydrogen atoms were fitted to the T, L 
and S tensors. 

TABLE I11 Rigid-body mtion paramters for all the heavy atoms 

L (rad' ) x 10-' 

489 -41 23 4477 539 79 4 9 331 

126 4 3556 670 1 7 -165 

171 3900 -205 147 -11 

R.M.S. AU ( . & 2 )  0.0044 

E.S.D. 0.0049 

Tensor of inertia 370.0 2813.53 3183.71 

SUMMARY 
Th.e refined x-ray structural data of ClTIN lead to the conclusion that 

lo - Only one conformr is dominant in the crystalline state, however 
two rotmric species 0-H . . .  N are possible (rotation around central 
C 1  - N 1  bond). 

2 O  - ClTIN mlecule is practically planar in the single crystal. A very 
smll deviation of planarity is calculated for C 1  atom and for the 
OH- and CH, - groups. 
It is evident that within coplanar system, the proton tunneling 
distance is minim and the interaction between reaction centers is 
mxinnun. 

3* - The 01.. .N3 and H.. .N3 interatomic distances are equal 2.62 A and 
1.72  A ,  respectively. Position of the H atom in the hydrogen bridge 
is well defined. The observed 0-H bond is mch shorter than that 
calculated from van der Waals contact for O...N heavy atoms (2.90 

which is due to the rather strong intrmlecular hydrogen 
bond. 
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