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EFFECT OF THE SOLID PHASE STRUCTURE UPON PHOTOCHRO- 
MIC PROPERTIES OF 4,4 ' -BIPYRIDINE DERIVATIVES. 

IRINA GRINEVA, IGOR KRAINOV, ARKADI POLISHCHUK, 
ALEXANDER TOLMACHET 
Institute for Single Crystals, Kharkov, USSR 
(Received July 12,  1991) 

Abstract In order to study the solid phase struc- 
ture effects upon mechanism of photochromic trans- 
formations in 4,4'-bipyridine quaternary salt se- 
ries new photochromic substances have been synthe- 
sized and their photochromic properties studied in 
single crystals. X-ray studies have been carried 
out, and effects of molecular and crystal structu- 
re of the substances in the ground state upon their 
photochromic properties were considered. Differen- 
ces in molecular stacking have been found out for 
molecules with different photochemical properties. 

Keywords: viologens, photochromism, x-ray studies, single crystal, charge trans- 
fer, packing analysis 

The ability of 4,4'-bipyridine quaternary salts (violo- 
gens) to undergo high-speed reduction' (10-8-10-9 s )  un- 
der W radiation is used in time-lag-free photochromic 
devices, information storage processes not involving 
silver, photocatalytic solar energy converters. 

In order to obtain new photochromic compounds of 
the bipyridine series and to study their photochemical 
properties we have synthesized, using the Menschutkin 
reaction between 4,4'-bipyridhe and corresponding hali- 
des, the compounds I-V (Table I ) . 

Alkylation of 4-4'-bipyridine is a two-stage pro- 
cess. Formation of mono-N-alkyl-4-4'-bipyridine is rela- 
tively easy; N-alkylation of the second nitrogen is hin- 
dered by a substantial electron density redistribution 
due to quaternization of the first nitrogen. 

All the compounds I-V display photochromic proper- 
ties in solutions and in polymeric matrices. 
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398 1 . W . C R I N E V A  et al. 

TABLE I Structural formulae of the compounds. 

No R1 X 

C H J C7H1 5 7 15 I 
( CH2 ) , -COOH Br I1 5 5H31 L 

I11 ( CH2 ) -OH (CH2 )*-OH C1 
~ 

IW CH,-COOC2H5 L CH,-COOC2H5 L c1 
CH,-COOH C1 

L 
CH.,-COOH 

L 
v 

To study photochromic properties in the crystalline sta- 
te, we have recorded reflection spectra of the irradia- 
ted viologen crystals using a Hitachi-330 spectrophoto- 
meter (Table 11). 

TABLE I1 Spectral characteristics of the compounds. 

N Ground state Photoinduced form 

xmo1-l xcm-” 
Ex1 0-3, h,nm 

I* 255; 375 (475) 21.7; 1.4 - 
255 (300) 19.4 67 5 I1 
259 (296) 19.8 61 0 I11 

IV 255 (300) 16.5 630 
V 2b4 (290 5.3 650 

* 
no evidence of photochromic effects. 

Crystalline samples were irradiated by unfiltered 
light of  a low pressure 400 W mercury lamp f o r  60 s from 
a distance of 15 cm. Also presented in Table 2 are spec- 
tral characteristics in alcohol solutions of the compo- 
unds I-V in the ground state and, in parentheses, data 
on the reflection spectra of the non-irradiated crys- 
tals. It is evident from Table 2 that in the crystalline 
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EPFECT OF THE SOLID PHASE STRUCTURE 399 

state photochromism is observed only f o r  the compounds 
11-V.To explain this fact, we studied the effects of mo- 
lecular and crystalline structure of the compounds I and 
V in the ground state upon their photochromic properti- 
es. For this purpose we have grown single crystals of 
the compounds I and V. X-ray studies were carried out 
using an automatic CAD-4 Waf-Nonius diffractometer 
(MoKa-radiation, graphite monochromator, scan speed ra- 
tio o:Cl =I .2:1, Hmax=26 ) .  

Single crystals of the compounds I were grown from 
the alcohol-acetone solution (1 : 1 ) . Triclinic single 
crystals of the compound I obtained in the form of thin 
plates, were red in colour and at 25OC were characteri- 
zed by the following elementary ell parameters: 
a=B. 368(  3 ) ,  b=7.580(2 ) , ~~14.965 (4) 1, a=101 .44(2 ) , 
9=100.79(4), 7=9l .31 (3 ) " ,  V=b93.7(91 %, , sp.gr. P 7, 
z=l 9 dl:al,yJ- -1.456 g/cm . The values of the divergence 
factors were R=0.047 and Rw=0.062. 

In the structure I the molecule is in the center of 
symmetry, determining an absolutely planar configuration 
of its bipyridine moiety. Carbon atoms of the alkyls 
characterized by the all-trans configuration are rotated 
by 96* in relation to the plane of the pyridine rings. 
With that, the molecule as a whole is in the trans- 
conformation (Fig.1 ) .  

0 

3 
3 

Figure 1 Stacked molecular packing of the cations 
I (projection along b axis). 
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400 1.W.GRINEVA et al. 

In the crystals of the compound I molecules are 
stacked, which is confirmed by intermolecular interac- 
tion energy calculations. 

According to energy calculations, the strongest in- 
teraction is between the molecules J(OO0)-J(100) and 
J(OOO)-J(TOO) (Fig.1 ) ,  which allows to distinguish sta- 
oks of molecules along the short crystallographicaxisa. 

The calculated data3 on magnitudes of charges and 
bond orders in the bipyridinium dication (Fig.2) show 
that the given structure is a system of weakly bonded 
fragments with the bond orders averaged and electron 
density alternated over the pyridine cycle with the po- 
sitive charge predominantly localized on the nitrogen 
atom. 

FIGURE 2 Molecular diagram of the 4,4'-bipyridi- 
nium dication. 

The principal molecular packing feature in I 
(Fig.1) is anti-parallel stacking of the neighboring py- 
ridine rings D,E. The distance between their centers is 
3.766 1, with regions of different electron density ov- 
erlapping, which ensures charge transfer inside the sta- 
cks. The anions J- in the crystals of the compound I 
(Fig.1 ) play the role of "linking" atoms between the mo- 
lecules in stacks and between the stacks in the b axis 
direction. 
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EFFECT OF THE SOLID PEASE STRUCTCURE: 40 1 

The existence of a long-wave charge transfer band 
in solutions in the 375 nm region [Table 2)allowsusto 
assume that the stack associates are partially conserved 
in solutions. The limiting case of such associates are 
dimers . 

Let us consider now peculiar features of the crys- 
tal structure of the compound V, displaying photochromic 
properties in solutions, polymer matrices and as crys- 
tals.Colourless single crystals of the compound V grown 
from water solution, are prismatic in form and have the 
following parameters at 25O: a=8.415(3), b=9.442 ( 6 ) ,  
c=10.370(3) b y  (3=113.35(3)", V=757(1 ) A - ,  sp.gr. P21/C, 
Z=2 dcalcd=l .524 g/cm3.Divergence factors were R=0.036 
and Rw=@.056. 

In the crystal of the compound V the molecule is 
also in the center of symmetry and has planar configura- 
tion; end-chain C and 0 atoms lie in plane rotated by 
74.7" in relation to the pyridine moiety plane (Fig.3). 

47 

FIGURE 3 Molecular packing in the crystal V (proj- 
ection along baxis). Hydrogen bonds are indicated 
by dashed lines. 
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402 1.W.GRINENA et al. 

The structure V is characterized by the presence in 
the crystal of hydrogen bonds O(1)-H...C1 with the f o l -  
lowing geometrical parameters: O ( 1 )  ... C 1  is 2.910 1, the 
angle O(1)-H ... C1 is 163.6", O(1)-H - 0.89 1 (Fig.3). 

As distinct from single crystals of the compound I 
with the stacked molecular packing, in the crystal V 
packing of the cation molecules is characterized by the 
absence of any energetically distinct associates, which 
is supported by intermolecular interaction energy calcu- 
lations. 

Thus, the nature of the substituent and the counter- 
ion, features of crystalline packing of the viologens 
do significantly affect photochromic properties in the 
crystalline state. 

Charge transfer, determined by asymmetric distribu- 
tion of electronic density in the bipyridine cycle and 
by the stacked molecular packing in the crystals of the 
compound I, causes photochromic properties to disappear 
in the solid state. As f o r  hydrogen bonds (structure V), 
they favour electron transfer even under atmospheric 
oxygen. 

REFERENCES 

1. I.P.Krainov, S.F.Kramarenko and E.I.Dotcenko, Khim. 
Geterotsikl.Soedin, 5, 626 (1986). 

2 .  A.V.Vannikov, A.D.Grishina, Photokhhiya polymer- 
nykhdonorno-acseptornykh complexov (Nauka, MOSOOW, 
1984), p.261. 

3. I.P.Krainov, 0.M.Tsyguleva and S.F.Kramarenko, E- 
or.Eksp.Khim, 6, 752 (1997). 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

5:
02

 1
8 

Fe
br

ua
ry

 2
01

3 




