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THE INFLUENCE 03' THE STRUCTURE OF TMIRA(4-SUISHO- 
PHENYL)PORPHIN DERIVATIVES ON THEIR LYOTROPIC 
MESOMOWHISM 

VENERA BYKOVA, NADEJDA USOL'TSENA, GALINA ANANJEVA, 
ALEXANDER SEMIZIKIN, TATYANA KARMANOVA 
Liquid Crystal Laboratory, Sta be University, 
Ivanovo, Russia 

Abstract Tetra (4-sulphophenyl ) -p-oot~methyl.-pl~jl~~lhin 
has been synthesized with the object of studyin& 
how the structure of the macrooyole, the type and 
position'of the substitutes, and the oharaoter of 
the metal-complex generator influences the lyotro- 
pi13 mesomoi-phism. It6 speotral. plwpertie6 and 
lyotropio mesomorphism in water-ammonia a n d  wa- 
ter-NaOH systems have been studied. 

INTRODUCTION ------------ 
The experiments carried out in the past few years have 
demonstrated that the lyotropio liquid crystalline state 
is a oharaoteristio feature of organii; oomgoimds with 
dim-like or rod-like molecules. To date several lyo- 
tropic mesogenes of disootio type have been discwibed as 
manifesting the mesophase in aqueous solutions, namely, 
phthalooyaninel " , triphenylene 4 , tetrabenzooyolododeoat- 
rimeg and porphin derivatives. 7-9 

Earlier a number of investigations was undertaken 
with the aim of establishing how the lyotropic mesomor- 
phism is influenoed by the structure of the maorocycle, 
the type and position of the substitutes and the oharao- 
ter of the metal oomplex generator in phthalooyanine' and 

Following this line of research, we now report on 
the results obtained earlier on the lyomesomorphism of 
tetra(4-su1phophenyl)porphin (I),its sodium salt (TI) an? 
their metal complexes (Table 1 )  and present the data on 

r, 

porphin derivatives . 8,9 
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652432183 V .V .BYKOVA , N .V .USOLTSEVA at al, 

the synthesis, spectral characteristics and lyomesomor- 
phism of tetra(4-~ulphophenyl)-~-octamethylporphine (a). 

TABLE 1 Potential mesogens of porphin deri.vatives. 

I 
la 
Ib 
Iv 
I1 
IIa 
IIb 
I11 

- 
+ 

Tetra ( 4- sulphophsnyl ) - p-o c tame thylpix-ph in was oh t a ine d 
by heating in a soldered ampoule 150 ml (0 ,2  mmol) of 
tetra(4-phenyl)-P-octamethylporphin with 3 ml of concent- 
rated H2S04 at 100°C for 4 hours. The reaction mixture 
was cooled, diluted with 12 ml of water, the pricipitate 
was oentrifuged, washed with actetone several tymes, and 
dried off  at 80°C in a vaouwn till a constant weight. was 
obtained. We obtained 172 mg (52%) of compound 111. The 
purity of compound I11 was proved using the mrt I ,hor t  of 
thin-layer chromatography on siluphol and the elernentary 
analysis confirmed it. 
Estimated, % : G 59.67 ; H 4.40 ; N 5.35 ; S 12.25. 
Obtained, % : C 59.52 ; H 4.31 ; TJ 5.29 ; S 12.17. 

Spectral characteristics were studied on a 
"Specord W V I S "  spectrometer*. Solvents: water-ammonia 
system ( p H  8.0; 10.0; 12.0), water-Na0H (pH 8.0; 10.0; 
12-01, dimethyl~ulphoxide (DMSO). The lyotropio inesomor- 
phism of compound I11 was investigated using the penet- 
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r a t ion  method on a MIN-F3 polar izat ion microscope w i t h  a 
themotable.  

A l o n g  w i t h  the stydy of 1yornesumorphiBm carriecI nut mfng 
the method of mntaot  preparations the preRerit x*esearil?li 
includes the analysis  of the spec t ra l  char*acterLst.ios of 
cornpound I11 since the charac te r i s t ic  feature  of the i.yo- 

t ropic  l iqu id  c rys t a l l i ne  s t a t e  is the presence of ther- 
modynamically s t ab le  supramoI.eoular ensembles as el ements 
of i ts s t ructure .  Formation of such pa r t i c l e s  is ciaused 
by the processes of association i n  d i lu ted  solutions.  

Absorption spectra  of compound I11 in  DMSO, i n  wa- 
te r -NaOH (pH 8.0; 10.0; l2 .0) ,  or water-ammonia jpH 8.0; 
lr3.O; 12.0) systems a re  represented i n  Figures 1 and 2. 
Absorption spectrum of compound I11 i n  water-NaOH sys-ken 

with pH from 8.0 to  12.0 reveals a one-band (weak s p l i t -  
ting) spectrum, whioh is a t t r i bu ted  to  a monocation. mien 
t rans i t ion  to  a system w i t h  pH 12.0 takes place Imnpoutid 
I11 aquires a 4-band spectrum charac te r i s t ic  12f a free 
porphin" (Fig.  1 ) . Absorptim speotri.m c?f cornpoimd IIT 
i n  water-ammonia system with pH 8.0 and 10-0 reveals c? 
one-band spectrum which is a t t r ibu ted  to a d i m t i o n  
(Fig.2). When t rans i t ion  to  a system w i t h  pH 12.0 takes 
place compound I11 reveals a one-bancl (weak split, t i t%)  
spectrum which is a t t r i bu ted  to  a monoanion. 

Thus t rans i t ion  from dication to monoanion was ob- 
served when pH of the system f o r  compound 111 w a s  ohan- 
ged. The polarized microscopy method showed that i n  a 
contaot preparation compound I11 in  water-ammonia solut i -  
ons (pH 12.0) and water-alkali solut ions (pH 9.0 anid 11?.0't 

form the lyornesophase (Fig.3) ,  oornpounct I11 existirig as a 
monioation i n  a solut ion with these pB. A t  room tempera- 
ture  oornpound I11 revealed sh l ie ren  texture i n  water-al- 
k i l i  solutions with pH 8.0 o r  10.0 which is characteris-  
t i c  of the lyotropio l i qu id  ci-ystall ine s t a t e .  
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Similar textures were observed by us earlier w i t h  
o ther  oompounds of th i s  row: 1 ;  l a , b ;  I1,IIa ( T a b l e  1 )'y9 

and were re fer red  to N- and Id-phases of chromonio type 

FIGURE I Absorption spectra  of oompolmd 111 (long- 
wave region);  c = 1.65 mol/l: 
1 - in  dimethylsulphoxide , OLN. (2.5 cm; 
2- i n  NaOH-water syskern (pH 8.0) 

3- i n  NaOH-water s:ystem (pH 3!.~.!3:) 

4- in NaOH-water ~ y b  tern (pIT '! 2 .0  ) , 

ouv. 0.1 om; 

ouv. 0.1 om; 

cuv. 0.1 om. 
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formed by these maoroheterocyolic compoundv in water-am- 
monia systems due to pl.ane-plane interaction of their 
molecules. 

FIGURE 2 Absorption spectra of oornpmnd L I T .  
[ long-wave region) : 
1- in water-ammonia system (pH S.O>, 

c = 1.65 mol/l ,  ouv. 0.1 ern; 
2- in water-ammonia system (pH lO .O> ,  

o = 5.5 10-5 mol/l, cuv. 0.1 om; 
3- in water-ammonis system (pH 12.O),  

c = 8.25 mol/l, cuv. 0.7 om. 
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Compounds I ,  T I ,  111 are closely re la ted  to phthal ocy- 

The moleoules of porphin derivatives s imilar ly  have 

the r i g i d i t y  of W I - L ~ I : ~ :  is  :xm~:ed 

10 mines  as t h e i r  moleoular .structure is oonoei-ned. 

a 1 6-member macrocycle, 

a b 

FIGURE 3 Microphotography of the texture of the 
lyotropic liquicl c rys t a l l i ne  phase, fez-- 
med by compound I11 i n  a )  water-anlmonia 
system JpH 12 -01, contact preparation, 
b )  Water -NaOH system (pH 8 . C ) .  

Nicols crossed. x 90. 

by a strong 'It-eleotronio interact ion within the hole of  
the c1.osed c i r c u i t .  

This similari. t y  i n  the s t.n-icturc;: o f  the central. 
parts of phthalocyanine and. poi-phin der ivat ,  i.ves si..i.=es !.s 

that  the reason why oompmmd. I11 foi-rns the lyorrtesi:!pt?a~e 
in  a water-ammonia system ( p H  12.0) lies i.n the fomia- 
t ion  of stacked aggregates due to  plane-plane interac- 
t ion of t he i r  molecules. Evidently, the introduction of 
8 methyl groups contributes considerably to  the a b i l i t y  
to  form mesophase. 

We believe that the differences between compound I r  
and compound I are caused by the influence of e lec tmnio  
donor methyl groups on the central  par t  of the molecular 
P.tru!lttrwe d1-1-e t o  sterilr! factors. 

The oharaoter c?f the metal oomp1e-x genera tw i.nf lu- 
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enoes the formation of the lyomesophase. In cotnpounds 
Iv and IIb, in which a trivalent metal (Co- acts as a 
complex generator suoh staoking is not possible d u e  to 
extracoordination of the solvent , heme these winpc-i-uiiis 
do not form the lyomesophase. 
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