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Organotitanium Polydyes Derived from 
Phenylsulfonphthalein Dyes, and Congo Red, 
Eriochrome Black T, Nigrosine and Indigo 
Carminesynthesis and Doping Characteristics 

Char l e s  E. Ca r rahe r ,  Jr. 
Richard A. Schwarz 
Jack  A .  Schroeder 
Macy Schwarz 

Department of  Chemistry 
Wright S t a t e  U n i v e r s i t y  
Dayton, Ohio 45435 

ABSTRACT 

The s y n t h e s i s  of t i t a n i u m  polydyes emphasizing t h e  i n t e r -  
facial  technique  is descr ibed .  Emphasis is placed  on app l i ca -  
t i o n s  of  t h e  polydyes t a k i n g  advantage  of  t h e  p o t e n t i a l p e r m a -  
nen t ,  nonleaching  n a t u r e  of such  materials compared w i t h  t h e  
monomeric dyes  themselves.  The polydyes are f l u o r e s c e n t  and 
can be impregnated i n t o  paper ,  c l o t h  and p a i n t  and "doped" 
i n t o  p l a s t i c s  g i v i n g  f l u o r e s c e n t  materials. 

INTRODUCTION 

Carraher and co-workers have r e p o r t e d  t h e  s y n t h e s i s  of  

t i t a n i u m  p o l y e s t e r s  (I), p o l y e t h e r s  (11) and polyamines (111) 
( f o r  i n s t a n c e  1-6). The r e a c t i v i t y  of  t h e  RSO - moiety ap- 

p e a r s  analogous t o  t h a t  of  RC02- towards metal h a l i d e s .  Here 
we r e p o r t  t h e  s y n t h e s i s  of  t i t a n i u m  polydyes de r ived  from se- 
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CARRAHER ET AL. 7 7 4  

v e r a l  dyes i n c l u d i n g  pheny l su l fonph tha le in  dyes  ( IV) ,  Nigro- 

s i n e  (1111, I n d i g o  Carmine (V), Eriochrome Black T ,  Congo Red 

and 3-(2-pyridyl)-5,6-diphenyl-1,2,4-triazine-p, p ' -d i su l fo -  

n i c  a c i d  (PDTD, V). 

- 
Cp2TiC12 + 02CRC02- + 4 

I 
CP I 

YP 
Cp2TiC12 + HO-R-OH + 4 Ti-0-R-0 4 

1 
CP I1 

tP 
Cp2TiC12 + H2N-R-NH2 + 4 Ti-NHR-NH 9 

I11 
I 
CP 

- 5p 
Cp2TiC12 + HO-R-SO 3 + 4 1 Ti-0-R-!-0 II 4 

c p  6 I V  

Y p  
Cp2TiC12 + -03S-R-S03-+ 4 Ti-O-S02-R-S02-0 4 

I 
CP V 

EXPERIMENTAL 

The fo l lowing  chemica l s  were used as r ece ived :  Cp2TiC12 

(St rem Chemicals, I n c . ;  Danvers ,  Mass.), Nig ros in  ( c e r t i f i e d ;  

Matheson, Coleman and B e l l ;  Norwood, Ohio), Bromophenol Blue  

( F i s h e r  S c i e n t i f i c  Co.; Fa i r l awn ,  N . J . ) ,  Eriochrome Black T 

( Eastman Chem. Corp., Roches t e r ,  N .Y. ) ; Bromothymol Blue  

( F i s h e r  Sci. Co.; Fa i r l awn ,  N . J . ) ,  I n d i g o  Carmine (MCB, 
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ORGAKOTITANIUM POLYDYES 7 75 

Norwood, Ohio) ,  Congo Red (MCB) and Ethidium Bromide 

(Chemalog). 

Polycondensa t ions  were c a r r i e d  o u t  a s  desc r ibed  i n  ref. 

1. B r i e f l y  aqueous s o l u t i o n s  c o n t a i n i n g  dye and any added 
base were added t o  r a p i d l y  s t i r red aqueous ( f o r  aqueous so lu -  

t i o n  sys tems)  o r  o r g a n i c  ( f o r  i n t e r f a c i a l  sys tems)  s o l u t i o n s  

c o n t a i n i n g  Cp2TiC12. The po lymer i za t ion  equipment, a one p i n t  

Kimex Emuls i fy ing  Jar f i t t e d  o n t o  a Waring Blendor (700 model 

31BL46, is f u l l y  desc r ibed  i n  r e f e r e n c e  6 .  
I n f r a r e d  s p e c t r a  were ob ta ined  u s i n g  KBr p e l l e t s  and 

Perkin-Elmer 621 and 457 G r a t i n g  I n f r a r e d  Spec t rophotometers .  

U l t r a v i o l e t - v i s i b l e  s p e c t r a  were ob ta ined  u t i l i z i n g  a Cary 

Model 14 Spectrophotometer.  

S o l u b i l i t y  s t u d i e s  were performed by add ing  abou t  lmg of  

t h e  polydye product  t o  2ml of s o l v e n t  con ta ined  i n  a test tube .  

The t u b e s  were s toppe red ,  p e r i o d i c a l l y  shaken, and viewed over  

a week's per iod .  Elemental  a n a l y s e s  f o r  t i t a n i u m  were ob- 

t a i n e d  u t i l i z i n g  a 951 DuPont Thermal Gravimet r ic  Analyzer 

f i t t e d  on to  a DuPont 990 Thermal Analyzer console .  S o f t e n i n g  

r anges  were ob ta ined  us ing  a Fisher -Johns  Mel t ing  P o i n t  Appa- 

r a t u s .  
L i g h t  s c a t t e r i n g  was conducted u t i l i z i n g  serial  d i l u t i o n s  

employing a Brice-Phoenix 2000 Unive r sa l  L i g h t  S c a t t e r i n g  Pho- 

tometer .  R e f r a c t i v e  index  increments  were determined us ing  a 

Bausch and Lomb Abbe Ref ractometer Model #3-L. Viscometry 

measurements were ob ta ined  employing serial d i l u t i o n s  of poly- 
mer s o l u t i o n s  u s i n g  a Cannon-Ubbelohde Semimicro D i l u t i o n  V i s -  

cometer. Timing was accomplished u t i l i z i n g  a Wescan I n s t r u -  

ments Inc .  (San ta  Clara, Cal i f . )  Model 1221 V i s c o s i t y  timer. 

RESULTS AND DISCUSSION 

The p r e s e n t  s tudy  is p a r t  o f  a l a r g e r  s tudy  i n v o l v i n g  

i n c l u s i o n  of  dyes i n t o  polymers. S e l e c t i o n  of dyes  was based 
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7 76 CARRAH!ZR ET AL. 

on two primary requi rements .  F i r s t ,  t h e  dye must posses s  two 
( a c c e p t a b l e )  L e w i s  base s i t e s  (such  as a l c o h o l ,  a c i d ,  amine).  

Second, t h e  dye ( i n  t h e  c o r r e c t  form t o  a l low t h e  d e s i r e d  

condensa t ion  t o  o c c u r )  was t o  be water s o l u b l e .  Phenylsu l fon-  

p h t h a l e i n  (PSP) dyes e x h i b i t  two n u c l e o p h i l i c  sites i n  water 

s o l u t i o n  over a wide pH r ange ,  g e n e r a l l y  from below a pH o f  5 

t o  about  1 4 ,  e x i s t i n g  as noted  i n  form V I .  

Polymers de r ived  from condensa t ion  w i t h  Cp2TiC12 and t h e  

Polydye s t r u c t u r e  for condensa t ion  w i t h  dyes e x h i b i t i n g  

only  two "ac t ive"  L e w i s  base s i tes  w i l l  be  l i n e a r  w i th  t h e  

connec t ive  bonds be ing  t h e  amine and/or  imine ( f o r  N ig ros ine ;  

analygous t o  form 1111, su l fone -e the r  ( for  PSP dyes ,  ana logous  

t o  form I V  and d e p i c t e d  by form V I I )  and s u l f o n e  (PDTD, form 

V ) .  

v a r i o u s  dyes w i l l  be  r e f e r r e d  t o  simply as polydyes.  
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ORGANOTITANIUM POLYDYES 777 

Polydyes derived from dyes e x h i b i t i n g  more than two reac- 

t i v e  s i tes  may con ta in  a complex branched and c ross l inked  
s t r u c t u r e .  For in s t ance  Eriochrome Black T con ta ins  three 

p o t e n t i a l l y  a c t i v e  r e a c t i v e  sites under t h e  employed r e a c t i o n  
condi t ions.  The r e s u l t i n g  polydye is s o l u b l e  i n  such d ipo la r  
a p r o a t i c  so lven t s  a s  dimethylformamide, t r i e thy lphospha te ,  
and dimethylsulfoxide,  e l imina t ing  t h e  presence of excessive 

crossl inking.  Elemental a n a l y s i s  is c o n s i s t e n t  w i th  a highly 
branched s t r u c t u r e  approaching form VIII. 

T i  T i  T i  
I I 

- T i  - D - T i  - d - T i  - D - where D = Eriochrome Black 
T moiety 

VIII T = Cp2Ti moiety 

Indigo Carmine is t e t r a f u n c t i o n a l  and g i v e s  products  

which are inso lub le  i n  a l l  tes ted so lven t s  c o n s i s t e n t  w i t h  the  

presence of some crossl inking.  Thus t h e  s t r u c t u r e  of products  
derived from such mul t i func t iona l  dyes is complex and a mix- 
t u r e  of s eve ra l  forms, the  proport ion and d i s t r i b u t i o n  s u r e l y  
dependent on a number of f a c t o r s  including r e a c t i o n  condi- 
t i o n s .  

The u t i l i z e d  dyes are p ic tu red  i n  Figure 1 wi th  t h e  re- 

p r e s e n t a t i v e  s t r u c t u r e s  dep ic t ing  t h e  purchased form of the  
dye. 

The i n f r a r e d  s p e c t r a  of t h e  polydyes are c o n s i s t e n t  w i t h  

forms such as V, V I I  a s  r ep resen t ing  t h e  r epea t ing  u n i t .  For 
in s t ance  a l l  of the polydye products e x h i b i t  bands a t  1440, 
1010 and 830 cm” c h a r a c t e r i s t i c  of t h e  Ti-Cp moiety. The PSP 

dyes react a t  one alcohol  s i te  and the  s u l f a t e  site. There is 
a s h i f t  i n  t h e  assymetr ic  s t r e t c h i n g  band f o r  S=O from a doub- 
l e t  a t  1170 cm-l f o r  t h e  dye t o  a s i n g l e  band a t  1160 cm” f o r  
t h e  polydye and a s h i f t  i n  the  S-0 symmetric s t r e t c h i n g  band 
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7 78 CARRAHER ET AL. 

( 0QJN=”% 

B L U E  u -  

- 1  

0 

NA I N D I G O  CARMINE 

o+o NA 

ERIOCHROME 
BLACK T 

“ W  

FIGURE 1. STRUCTURES OF U T I L I Z E D  DYES 

from 1060 cm-’ for t h e  dye t o  1080 cm-l f o r  t h e  polydye [81. 
1 S p e c t r a  of t h e  polydyes  e x h i b i t  no bands abou t  3100 t o  3500 cm- 

c o n s i s t e n t  w i th  an absence of t h e  Alcohol moiety. The poly- 

dye p roduc t s  do e x h i b i t  a band about  1600 cm” c h a r a c t e r i s t i c  

of a ke tone  ca rbony l  conjugated  w i t h  a l k e n e s  [81. A shou lde r  
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ORGANOTITANIUM POLYDYES 779 

was p r e s e n t  a t  1580 cm-l c h a r a c t e r i s t i c  of a l k e n e  s t r e t c h i n g  

v i b r a t i o n s  i n  conjugated  sys tems [ 8,d . Elemental  a n a l y s e s  

were also c o n s i s t e n t  w i th  a s t r u c t u r e  of form VII. For  i n -  

s t a n c e  t h e  pe rcen tage  t i t a n i u m  found f o r  t h e  product  d e r i v e d  

from Bromophenol Blue was 5.9, c a l c u l a t e d  was 5.7. 

F u r t h e r  c o n t r o l  r e a c t i o n s  are c o n s i s t e n t  w i th  t h e  p r e c i -  

p i t a t e d  material be ing  de r ived  from bo th  t h e  dye and 

Cp2TiC12 . 
(dye o r  Cp2TiC12). No p r e c i p i t a t i o n  occurred .  

Thus s p e c t r a l ,  e l emen ta l  a n a l y s e s  and c o n t r o l  r e a c t i o n  
r e s u l t s  are c o n s i s t e n t  w i th  a s t r u c t u r e  of form V I I  as t h e  

r e p e a t i n g  u n i t  f o r  t h e  polydyes de r ived  from PSP, etc. 

Reac t ions  were a t t empted  exc lud ing  e i t h e r  monomer 

The polymeric n a t u r e  of t h e  polydye p roduc t s  i s  i n d i c a t e d  

by bo th  Viscometry and l i g h t  s c a t t e r i n g  photometry r e s u l t s .  

For  i n s t a n c e  t h e  Bromophenol Blue  product  which gave a n  LVN of 

7 ml/g e x h i b i t e d  a dn/dc o f  0.24 and a weight ave rage  molecular  

weight of 5.3 x 10 . 5 

Table 1 c o n t a i n s  a list o f  polydyes s y n t h e s i z e d  and re- 

a c t i o n  cond i t ions .  Genera l ly  polydyes are formed u t i l i z i n g  

only  t h e  i n t e r f a c i a l  t echnique  though ana logous  t i t a n i u m  poly- 

amines, p o l y e t h e r s  and p o l y e s t e r s  are formed u s i n g  bo th  t h e  

i n t e r f a c i a l  and aqueous s o l u t i o n  techniques .  None of t h e  

aqueous s o l u t i o n  systems were e x t e n s i v e l y  s t u d i e d  so polydye 

fo rma t ion  might occur  under o t h e r  sets of r e a c t i o n  c o n d i t i o n s  

employing t h e  aqueous s o l u t i o n  systems. 
Product  y i e l d  and molecular  weight are s e n s i t i v e  t o  bo th  

s t i r r i n g  time and amount of  added base. R e s u l t s  g iven  i n  Table 

2 i l l u s t r a t e  such  dependencies.  Thus p roduc t  y i e l d  d e c r e a s e s  

w i t h  s t i r r i n g  time. The decrease i n  p roduc t  w i t h  i n c r e a s e  i n  

s t i r r i n g  times beyond 10 seconds  is t y p i c a l  f o r  sys tems em- 
p loy ing  more than  an  e x a c t  equ iva lence  of base and f o r  many 

systems such a dec rease  is t y p i c a l  even when only  an equiva- 
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ORGANOTITANIUM POLYDYES 781 

TABLE 2 

R e s u l t s  as a f u n c t i o n  of  r e a c t i o n  v a r i a b l e s  f o r  t h e  s y n t h e s i s  
of polydye products  u t i l i z i n g  Bromophenol Blue. 

React ion  Amount (mole) 

Dye: T i :  NaOH 

0.5:0.5:0.0 

0.5 :O. 5 :O .50 

0.5:0.5: 1.0 

0.5:0.5: 1.5 

0.5:0.5:2.0 

0.5 :0.5: 1 .O 
1.0: 1.0:2.0 

1.0 : 1.0:2.0 

1.0:0.7:2.0 

Reac t ion  Condi t ions :  

Reac t ion  Time Yie ld  LVN 
(secs) ( % I  (ml/g) 

60 0 -- 
40 32 

7 43 14 

1.3 51 17 

50 12 44 

60 19 

16 80 

20 65 

40 19 9 
Cp2TiC12 i n  30 m l  of chloroform 

added t o  r a p i d l y  s t i r r e d  (18,600 

rpm no l o a d )  aqueous s o l u t i o n  of 

Bromophenol Blue wi th  any added 

sodium hydroxide a t  25OC. 

l e n c e  of base  is p resen t .  Thus 0.085 grams of  a polydye 

p roduc t  (a t i t a n i u m  p o l y e t h e r e s t e r )  was added a long  w i t h  0.5 

mmoles of sodium hydroxide t o  30 m l  of water and st irred 

(23,000 rpm no l o a d )  f o r  30 seconds.  Only 14% of t h e  polydye 
p roduc t  was recovered .  This  was r epea ted  excep t  o m i t t i n g  t h e  

base. A recovery  of  65% of  t h e  polydye product  was made. 

Use of excess  base also t y p i c a l l y  r educes  p roduc t  y i e l d ,  

p robably  through h y d r o l y s i s  of formed polydye cha ins .  

The use  of e l e c t r o p h i l l i c  metal c o n t a i n i n g  monomers such 
as Cp2TiC12 is impor t an t  i n  r e a c t i o n s  u t i l i z i n g  R-SO func- 

t i o n a l  groups  ( such  as  t h e  PSP dyes )  s i n c e  o r g a n i c  a c i d  chlo- 

- 
3 
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782 CARRAHER ET AL. 

- 
r ides  do no t  condense wi th  t h e  R-SO moiety under t h e  condi- 

t i o n s  employed i n  t h i s  s tudy .  
3 

The polydyes e x h i b i t  thermograms similar t o  o t h e r  organo- 

metallic polymers where s t a b i l i t y  p l a t e a u s  (TG)  and exothermic  

( i n  a i r ,  DSC) degrada t ion  occur  131. Most p roduc t s  e x h i b i t e d  

poor weight r e t e n t i o n  wi th  i n i t i a l  deg rada t ion  beginning  below 

20Ooc. For i n s t a n c e  t h e  polydye de r ived  from Eriochrome Black 
T begins  l o s i n g  weight about  100°C, l o s i n g  abou t  10% t o  6OO0C 

whereupon an a d d i t i o n a l  60% is l o s t  by 650°C i n  air .  The 

product  from Bromophenol Blue beg ins  l o s i n g  weight abou t  100°C 

wi th  5% weight l o s s  t o  3OO0C, followed by l o s s  of an  a d d i t i o n a l  

60% t o  55OoC i n  a i r .  The f ina l  deg rada t ion  product  a t  800 t o  

1000°C i n  a i r  is t i t a n i u m  d iox ide .  

Visual o b s e r v a t i o n s  of t h e  p h y s i c a l  changes of t h e  poly- 

dye p roduc t s  and t h e  dyes were made from 25OC t o  300°C u t i l i z -  

i n g  t h e  F isher -Johns  Mel t ing  Po in t  Apparatus.  The polydyes 

g e n e r a l l y  d i d  n o t  melt i n  t h e  normal sense f o r  o r g a n i c  com- 

pounds. Color changes accompanied t h e  t r a n s i t i o n s .  TCA t h e r -  

mograms of t h e  polydyes showed t h a t  weight l o s s e s  accompanied 

t h e s e  p h y s i c a l  changes. For compounds such  a s  t h e  Cp2TiC12 

condensa t ion  p roduc t s  w i th  Bromophenol Blue ,  t h e  p roduc t  ap- 
peared t o  melt between 100 and 2OO0C. There was an accompany- 

i n g  change i n  c o l o r  from a dark  r ed  t o  a brownish c o l o r  which 
became dark  brown t o  b lack  by 300°C. A m a j o r i t y  of t h e  com- 

pounds d i d  no t  melt below 3OO0C bu t  d i d  g r a d u a l l y  change 

c o l o r .  Onset of t h e  c o l o r  change o f t e n  was accompanied by an  

appa ren t  change i n  t h e  s o l i d  s t r u c t u r e  ( i .e .  breakup of  t h e  

l a r g e r  l aye red  c r y s t a l s  t o  smaller " c r y s t a l s n  and changes i n  

t h e  t e x t u r e  of t h e  s o l i d )  which appeared t o  cor respond w i t h i n  
about  50°C of  t h e  noted  i n i t i a l  deg rada t ion .  The t empera tu re  

ranges  and t e x t u r e  changes were recorded  i n  Table 1 as v i s u a l  

i n c e p t i o n  of deg rada t ion  and f i n a l  c o l o r  a t  25OoC. 
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ORGANOTITANIUM POLYDYES 783 

APPLICATIONS (POTENTIAL AND ACTUAL) 

The advantages  of i n c l u d i n g  dyes  as p a r t  o f  t h e  backbone 

o f  polymer c h a i n s  is t h e  ( p o t e n t i a l )  permanent, nonleaching  

n a t u r e  of such polydyes compared wi th  t h e  monomeric dyes  them- 

s e l v e s  where movement even w i t h i n  a p p a r e n t l y  s o l i d  l a t t i c e s  

( such  as w i t h i n  p l a s t i c s )  occu r s  over extended time. 
The fo l lowing  miniexperiments were conducted u t i l i z i n g  

polydyes  de r ived  from Nigrosine and Bromophenol Blue  con ta ined  

t o  0.01 t o  1.0% weight p e r  volume s o l u t i o n s  of  DMSO, DMF and 

HMPA. The polydye s o l u t i o n s  r e a d i l y  impregnated paper such  as 

Whatman # l  f i l t e r  paper and t235  No-Rivl ( F o r t  Howard Paper 

Co., Green Bay, Wis.) commercial paper  towels  t o  give h i g h l y  

c o l o r e d ,  f l u o r e s c e n t  paper. Thus such polydyes  may be of use  

i n  t h e  c o n s t r u c t i o n  of s p e c i a l t y  f l u o r e s c e n t  p o s t e r s  and o t h e r  

areas r e q u i r i n g  permanent, nonleaching  coloring agents. 
Cot ton ,  Denim and 508-509 po lyes t e r - co t ton  f a b r i c  were 

impregnated wi th  t h e  dyes. T y p i c a l l y  a 3 i n c h  by 3 i n c h  p i e c e  

of whi te  c l o t h  became h igh ly  co lo red  by a d d i t i o n  of 1.0 t o  0.1 

mg. of polydye p roduc t . ,  The c o l o r a t i o n  was n o t  permanently 

f i x e d ,  washing o u t  af ter  two t o  t h r e e  machine washings employ- 

i n g  t y p i c a l  b leach  and f a b r i c  soap. A f i x i n g  a g e n t  or pro- 

cedure  w i l l  have t o  be found t o  more permanently f i x  t h e  dye t o  
t h e  f a b r i c  be fo re  they  can be used i n  t h e  f a b r i c  and tex t i le  
i n d u s t r i e s  as c o l o r i n g  agen t s .  

The fo l lowing  p l a s t i c s  were doped by g e n t l y  h e a t i n g  abou t  

3 grams o f  p l a s t i c  above its Tm and then  adding  dropwise 3 t o  

10 d rops  of  0.1 t o  1.0% by weight  polydye s o l u t i o n :  po lye thy-  

l e n e  ( w i t h  12% v i n y l  acetate; Union Carb ide ;  B a k e l i t e ) ,  poly- 

ca rbona te  (DuPont, Lexan Grade 131, 112 Natural), polypropy- 

lene (Hercu le s ,  ProFax),  h igh  d e n s i t y  po lye thy lene  (U.S.I., 
Pe t ro thene  NA-144), nylon (DuPont, Z y t e l ) ,  po lyv iny l  c h l o r i d e  

(B.F. Goodrich, Geon type  102E PF 5 1 ,  p o l y s t y r e n e  (Monsanto, 
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784 CARRAHER ET AL. 

Lust rax  HH-10 1-2020 C r y s t a l  300 1 and SAN-styrene copolymer 

(Monsanto, Lus t r an  A 21-2020 C r y s t a l  Run M1527). The p l a s t i c s  
accepted  t h e  ffdoperl r e t a i n i n g  t h e  polydye product  th roughout  

t h e  p l a s t i c .  The g r e a t e s t  problem was exper ienced  w i t h  poly- 

v i n y l  c h l o r i d e  where t h e  hea ted  po lyv iny l  c h l o r i d e  o f t e n  

p a r t i a l l y  decomposed g i v i n g  HC1 which appeared  t o  o f t e n  change 

the c o l o r  of t h e  polydye. 

Polydyes t h a t  were f l u o r e s c e n t  be fo re  they  were u t i l i z e d  
as "doping" a g e n t s  i n  t h e  p l a s t i c s  y i e l d e d  f l u o r e s c e n t  p l a s t i c  

p lugs .  Good f l u o r e s c e n c e  was noted a t  t h e  10 ppm concent ra -  
t i o n  l e v e l  f o r  most of t h e  doped p lugs .  (Some of t h e  t e s t e d  

p l a s t i c  samples were f l u o r e s c e n t  so added c a u t i o n  had t o  be 

exce rc i sed  i n  e v a l u a t i o n  of t h e s e  doped p lugs . )  The p l u g s  

remained f l u o r e s c e n t  over  t h e  s i x  month test pe r iod .  Again 

t h e  polydye p roduc t s  could be employed i n  p l a s t i c s  t o  g i v e  

permanent c o l o r a t i o n  and/or f l u o r e s c e n c e  t o  t h e  p l a s t i c .  

Impregnation of DuPont wh i t e  l a t e x  p a i n t  was c a r r i e d  o u t  

by s imple  a d d i t i o n  of abou t  0.1 t o  1.0 m l  o f  0.01 t o  1.0% 

polydye product  con ta ined  i n  DMSO, HMPA, and DMF s o l u t i o n s  t o  

10 m l  of l a t e x  p a i n t .  These doped p a i n t s  were a p p l i e d  t o  wood 
and t e f l o n  coa ted  s u r f a c e s .  The wood a p p l i e d  p a i n t s  d r i e d  t o  

g i v e  a t y p i c a l  l a t e x  coa ted  s u r f a c e ,  wh i l e  t h e  t e f l o n  coa ted  

s u r f a c e  y i e lded  f l e x i b l e ,  cohe ren t  f i lms.  The c o l o r s  were 
b r i g h t  and appeared  t o  be commercially a c c e p t a b l e .  O f  p a r t i -  

c u l a r  i n t e r e s t  was t h e  p l e a s i n g  b lue  c o l o r a t i o n  de r ived  from 

t h e  Bromophenol Blue  polydye p roduc t  because  of t h e  d i f f i c u l t y  

o f t e n  exper ienced  i n  o b t a i n i n g  good b lue  co lo red  c o a t i n g s .  Good 

c o l o r a t i o n  was achieved  u s i n g  abou t  10 t o  500 ppm of t h e  poly- 

dye product .  Again t h e  c o a t i n g s  were f l u o r e s c e n t  under bo th  

s h o r t  and long  u l t r a v i o l e t  r a d i a t i o n .  

The polydyes may not  on ly  o f f e r  d e s i r a b l e  c o l o r i n g ,  b u t  

desirable  u l t r a v i o l e t  f ' s inkn  a c t i v i t y  due t o  t h e  p re sence  of 
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ORGANOTITANIUM POLYDYES 785 

t h e  Cp2Ti moiety. T h i s  may lead t o  better wea the rab i l i t y  f o r  
e x t e r i o r  coa t ings  through r e t a r d a t i o n  of u l t r av io l e t - a s soc i -  
ated coa t ings  f a i l u r e s .  

Other p o t e n t i a l  uses  inc lude  as  lazer dyes and as energy 
exchangers pe rmi t t i ng  greater dep th  o f  pene t r a t ion  of c o a t i n g s  
curing.  
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