
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
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

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Linear Conjugated Coordination Polymers Containing Eight-Coordinate
Metal Centers
Ronald D. Archera; William H. Batscheleta; Marvin L. Illingswortha

a Dept. of Chemistry, University of Massachusetts, Amherst, MA

To cite this Article Archer, Ronald D. , Batschelet, William H. and Illingsworth, Marvin L.(1981) 'Linear Conjugated
Coordination Polymers Containing Eight-Coordinate Metal Centers', Journal of Macromolecular Science, Part A, 16: 1,
261 — 271
To link to this Article: DOI: 10.1080/00222338108082051
URL: http://dx.doi.org/10.1080/00222338108082051

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or 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.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222338108082051
http://www.informaworld.com/terms-and-conditions-of-access.pdf


J. MACROMOL. X I . - C H E M . ,  A16(1), pp. 261-271 (1981) 

Linear Conjugated Coordination Polymers 
Containing Eight-Coordinate Metal Centers 

Ronald I ) .  Archer ,  W i l l i a m  H .  B a t s c h e l e t  , and Marvin L. 11 l ingswor th  
Dept. of  Chemistry, U n i v e r s i t y  of  Massachuse t t s ,  ilmherst, MA 01003 

ABSTRACT 

Two l i n e a r  coordir ia t ion polymers a r e  r e p o r t e d  i n  which conjugated  
organic  l i g a n d s  and n o n r i g i d  e i g h t - c o o r d i n a t e  meta l  c e n t e r s  a r e  l i n k e d  
t o  form macromolecules w i t h  molecular  weights  o f  g r e a t e r  t h a n  lo4 D a l -  
t o n s .  
fodr oxyger. and four  n i t r o g e n  donors p e r  metal w i t h  two b i d e n t a t e  
bLocking I igands  and one b i s - b i d e n t a t e  b r i d g i n g  l i g a n d .  The z i r c o n i -  
un(1V) c h e i a t e  is rendered i c e r t  through t h e  use  of a bis-quaariden-  
t r - te  Schi f f -base  l i g a n d .  Fa tLre  p o s s i b i l i t i e s  and p o t e n t i a l  u s e s  are 
a: so d iscussed .  

The tungs ten(1V)  c h e l a t e  i s  an i n e r t  low-spin d2 s p e c i e s  w i t h  

I N T R O D U C T I O N  

Over t h e  p a s t  q u a r t e r  cen tury  a l a r g e  number of f o u r -  and s i x -  

c o o r d i n a t e  Werner c o o r d i n a t i o n  systems have been i n v e s t i g a t e d  f o r  me- 

t a l - c o o r d i n a t i o n  polymers (1-7). 
(Enkatherm) (8-9) and g r e a s e s  c o n t a i n i n g  meta l  phosphina tc  polymers 

(10) a r e  examples o f  thermal ly  s t a b l e  c o o r d i n a t i o n  compounds. How- 

ever ,  t h e  v a s t  m a j o r i t y  of  t h e  systems which have been i n v e s t i g a t e d  

have sut ' fered from a r e t e n t i o n  of' t h e  b r i t t l e n e s s  a s s o c i a t e d  w i t h  

thermal ly-s tab le  mult ie lement  inorganic  condensed networks,  on ly  mo- 

d e r a t e  o l igomeyiza t ion  (due t o  s t a c k i n g  i n  p l a n a r  systems i n  p a r t i -  

c u L a r ) ,  i n t r a c ' a b i l i t y ,  o r  ',he l a c k  of  d e s i r e d  h igh  temperature  s ta-  

F i b e r s  c o n t a i n i n g  coord ina ted  z i n c  
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262 ARCHER, BATSCHELET, AND ILLINGSWORTH 

b i l i t y  as a r e s u l t  of e i t h e r  o r g a n i c  l i n k a g e s  o r  weak coordinai;e bonds. 

Because t h e  four-  and s ix-coordinat .e  systems t y p i c a l l y  have r i c , i d  tu- 

ordi r ia t ion  s p h e r e s ,  o rganic  s i n g l e  bonds a r e  necessary  f'or f l e x i b i l i t y .  

Uniortur ia te ly  , t h e  organic  bonds which a l l o w  r o t a t i o n  arc t y p i c a l l y  

less thermally s t a b l e  than  conjugated systems.  "'he l a t t e r  g i v e  t k r -  

rnal s t a b i l i t y  a t  t h e  expense o€ f l e x i b i l i t y .  

Our approach i s  t o  use s u b s t i t u t i o c - i n e r t  n o n r i g i d  metal c e n t e r s  

w i t h  thermally s t a b l e  conJugatcd b r i d g i n g  1 ignnds.  Nonrigid cc,ordina.- 

t i o n  i s  t h e  rule f o r  coordinat ionnumber 8 (11-12) becarise t h e  1)Zd do- 

decahedron and t h e  D4d square  a n t i p r i s m  poly topes  ( F i g u r e  I )  normally 

possess  very siniltrr e n e r g i e s .  Thermally s t ab le  and s u b s t i t u t i o n - i n -  

ert ei{<ht-courdinate  t u n g s t e n (  I V )  8-qilir.01 ino l  c h e l a t e s  ( 13-16) axi~1 

zirconium( I V )  q u a d r i d e n t a t e  Schi f f -base  c h e l n t e s  (17) had Leeii synthe-  

s i z e d  i n  our  l a b o r a t o r y  and seemed t o  be l o g i c a l  bases  f o r  Lhermally 

s t a b l e  c o o r d i n a t i o n  polymers. [Whereas most do complexes a r e  l a b i l e ,  

quadr identa te  l i g a n d s  make zirconium(1V) an i n e r t  m e t a l  c e n t e r .  Low- 

s p i n  d2 tungsten(1V) c h e l a t e s  are s u b s t i t u t i o n - i n e r t  , e v m  w i t h  biden-  

t a te  l i g a n d s . ]  

were t h e  an ions  of'  quinoxal ine-5,8-diol  and N ,  N', N " ,  N " ' - t e t r a k i s  

( s a 1 i c y l i d e n e ) -  L ,  2, 4, 5-tetrawniriobenzene for t u n g s t e n (  I V )  and z i r -  

conium(IV),  r e s p e c t i v e l y .  

r u l e d  out  on s t c r i c  grounds.  ] 

tate" Schi f f -base  l i g a n d  completes t h e  c o o r d i n a t i o n  sphere  T'or t h e  z i r -  

conium s p e c i e s ,  t h e  "b is -b identa te"  b r i d g e s  would r e s u l t  i n  excess ive ly  

Ligands i n i t i a l l y  cons idered  f o r  conjugated  b r i d g e s  

[Ligands such as phenaz ine- l ,>-d io l  were 

Whereas a double  headed "bis-qundriden- 

'2d '4 d 

Figure  1. The D g d  dodecahedra1 and D4d square  a n t i p r i s m a t i c  poly- 
topes which a r e  t y p i c a l l y  of similar energy f o r  e ight -coord ina t ion  
complexes. 
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LINEAR CONJUGATED COORDINATION POLYMERS 263 

cross-linked brittle species unless two bidentate ligands are present 

to prevent the cross-linking. [The small amount of cross-linking de- 

sired in polymers will occur by a slight bit of ligand scrambling, 

which normally occurs in our inert monomer syntheses (la).] There- 

fore, we have developed specific methods for synthesizing W CO)2- 

[P(CsH5)3](N 0)2, where N-0 is the anion of an 8-quinolinol deriva- 
tive (19-20).[These tungsten(I1) chelates can be oxidized w th a 

bridging dione to form tungsten(IV)/bridging-diol species. 

low), 

pared (21),might be allowed to react directly with bridging ligands. 

r\ 

(See be- 

Alternatively, W(NqO)2C12 chelates, which we have recently pre- 

CURRENT STATUS 

Tungsten(1V) Polymer 

Bis ( 5 , 7-dichloro-8-quinolinolato)-5,8-quinoxalinediolatotung- 
sten(IV), which we abbreviate as [W(dcq)z(qd)ln, has been synthesized 

by a unique two-electron redox reaction between the seven-coordinate 

(22) dicarbonylbis (5 ,‘~-dichloro-8-quinolinolato) (tri phenylphosphine) - 
tungsten( 11) (19) and quinoxaline-5,8-dione (23) in dichloromethane 
as follows: 

Reaction at 0’ for 40 hours followed by centrifugation and extraction 
with more dichloromethane yieldea a dark blue polymeric material 

[which is analogous to the dark colored monomeric tungsten(JV) che- 

late~] with elemental mole ratioswithin 3% of those anticipated f o r  

the infinite aolymer (24). Solvation, hydrolysis, and inhomogeniety 

have precluded more perfect mole ratios. The anticipated coordina- 
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264 ARCHER, BATSCHELET, AND ILLINGSWORTH 

Figure 2. Schematic r e p r e s e n t a t i o n  of t h e  [W(dcq)p(a.d)!, pzlynier 
wi th  t h e  5,7-dichloro-8-quinolinol 1 igands r e p r e s e n t e d  as N 0 .  The  
s t r u c t u r e  shown i s  f o r  a mer isomer ! inkage ,  but t h e  b i f a c  isomer 
i s  a l s o  p o s s i b l e  (cf., r r f e r e n c e  2 5 ) .  

t i o n  sphei-e nbo-it t h e  t u n g s t e n  atom i s  shown schemat ica l ly  i n  F i g u r e  

?, w i t h  s c l c c t i o n  of  p o s i t i o n s  ( 2 5 )  based on 0rp;el's r u l e  ( 2 6 )  for 

W ( N  0)4 t y p e  e i g h t  c o o r d i n a t e  s p e c i e s .  
n 

I n i t i a l  syntheses  of  t h e  tungs ten(1V)  polymer a t  about  40*C l e d  

t o  ol igomers  wi th  i n h e r e n t  v i s c o s i t i e s  a t  about  0 .1  dL/g .  S y n t h e s i s  

a t  0' has l e d  t o  a [W(dcq)?(dq)] , ,  polymer w i t h  an i n h e r e n t  v i s c o s i t y  

of 0.25 dR/g f o r  t h e  dimct.hyl s u l f o x i d e  (UMSO) s o l u b l e  f r a c t i o n .  The 
v i s c o s i t y  i s  s i m i l a r  t o  t h o s e  observed t'or' orgar lometal l ic  pulymers a- 

bove 50,000 i h l t o n s  ( 2 7 ) .  

a molecular  weight  a n a l y s i s  jt' t h e  t e r m i n a l  groups a r e  hydroxide 

groups. Meta1: l igand r a t i o s  a r e  a l s o  c o n s i s t e n t  w i t h  sllch molecular  

weights .  A sI.ow h y d r o l y t i c  decomposition of this polymer occurs he- 

c m s e  OP ttlr pcor nur lc .op l i i l i c i ty  of t h e  qd2- l i g a n d  and makes f o r  

come var ia t , ion  j n  a n a l y s e s .  

The a n a l y t i c a l  results can be f i t  t o  such 

The polymer appears  b l a c k  i r i  t h e  s o l i d  s t a t e  and blue-black i n  

concent , ra ted s o l u t i o n s .  i lbsorpt ion s p e c t r a  a r e  givt?n els~whc.' '~? ( F ' 4 ) .  

Whereas analoy,ous mor.omeric t u n g s t e n (  I V )  e igh t -coord ina te  c h e l a t e s  

hnve s t r o n g  meta l  t o  1it;and c h a r g e - t r a n s f e r  a b s o r p t i o n s  near  '(00 nm 

( 1 6 ) ,  
in fyared  region w i t h  a t a i l  on t h e  a b s o r p t i o n  as low as 3500 cn-'. 

The p c s s i h i l i t y  cf' a one-d i rens iona l  e l e c t r o n - t r a n s f e r  system Ki th  

t h i s  t y p e  of s p e c i e s  i s  i n t r i g u i n R .  Furthermore,  t h e  analogous 

tungs ten(V)  monomers have low energy l i g a n d  t o  metal charge- t rans-  

fer t r a n s i t i o n s  ( 2 8 ) ;  t h u s ,  e l e c t r o n  conduct ion i s  a d i s t i n c t  20s- 

r i b i l i t y ,  e r ,pcc ia l ly  f o r  p a r t i a l l y  o x i d i z e d  polymers ( 5 ) .  

t h e  polymer e x h i b i t s  s b s u r p t i o n  maxima w e l l  down int,o t h e  n e a r  

Thermal a n a l y s i s  of' tlle t u n g s t m  polymer i n  n i t r o g e n  i n d i c a t e s  

an irihereritly s t a b l e  polymer w i t h  a r; low decomposi t ion.  Although 
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LINEAR CONJUGATED COORDINATION POLYMERS 2 65 

the decomposition begins near 250°C, the thermal profiles show in- 

complete decomposition to the oxide, even at 800Oc. However, in air 

decomposition to W03 occurs near 5 l O o C ,  with a partial weight loss 
even earlier near 23OoC.  Unfortunately, the nucleophility of the 

bridging ligand I s  limited by tne presence of two heterocyclic ni- 

trogen atoms ir. the sane aromatic ring. Other bridging ligands 

which do not possess this weakness are currently under investigation. 

Zirconium(1V) Polymer 

Because of the low solubility of the Schiff base of 1 , 2 , 4 , 5 -  

tetraminobenzene and salicylaldehyde, an indirect synthesis was used 

in which the Schiff-base condensation reaction was made between 

freshly prepared tetrakis( salicylaldehydato) zirconium( IV) (17) and 
recrystallized 1,2,4,5-tetraminobenzene in dry DMSO under nitrogen: 

+ 
H 2 N  H2NJKH2 H 2  - 
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266 ARCHER, BATSCHELET, AND ILLINGSWORTH 

This  condensat ion proceeds reasonably  r a p i d l y  a t  room t empera ture  i n  

DMSO. The s o l v e n t  i n t e r a c t s  w i t h  t h e  water  produced i n  t h e  r e a c t i o n  

s u f f i c i e n t l y  f o r  c o n s i d e r a b l e  polymer ize t ion  t o  occur  p r i o r  t o  hydrol-  

y s i s  a t  t h e  zirconium c e n t e r s .  A r e d  g l o s s y  m a t e r i a l  r e s u l t s  upon re- 

moval of t h e  IIMSO. 

The e l r m e n t a l  ana lyses  show t h a t  a p p r e c i a b l e  DMSO s o l v e n t  i s  ri- 

gorously hc!d a f te r  e x t e n s i v e  dry ing  and t h a t  excess  oxygen i s  pre- 

s e n t  r e l a t i v e  t o  t h e  i n f i n i t e  cha in  v a l u e s ,  a p p a r e n t l y  from t h c  water 

produced i n  t h e  S c h i f f  b a s e  r e a c t i o n .  T h i s  excess  oxygen i s  assumed 

t o  be hydroxide end groups,  which i s  c o n s i s t e n t  w i t h  t h e  observed OH 

s t r e t c h  (3500  cm-'). 

a s s u m p t i o n  i s  approximately t h i r t y ,  which corresponds t o  an average 

molecular  weight n e a r  2 x lo4 Daltons.  

excess  oxy(:eri i s  due t o  water, then  t h e  molecular  weight i s  h i g h e r .  

I n  f a c t ,  t h e  zirconium t o  l i g a n d  r a t i o  i s  c o n s i s t e n t  w i t h  appruxi-  

mately f i f t y - f i v e  r e p e a t i n g  units per  average polymeric molecule ,  o r  

a molecular  weight average c l o s e r  t o  4 x l o 4  Dal tons ( 2 4 ) .  

The number of r e p e a t i n g  u n i t s  based on t h i s  

If some of  t h e  OH s t r e t c h  and 

An i n h e r e n t  v i s c o s i t y  of  0.15 (d!L/g) for a 0.1% w/v DMSO solu-  

t i o n  of t h e  r e d  g l a s s y  m a t e r i a l  i s  c o n s i s t e n t  w i t h  t h e  view t h a t  

most of t h e  OH groups a r e  indeed p r e s e n t  as end groups;  i . e . ,  w i t h  

niulecular weights of 20,000 t o  40,000, a l though K and a h a v e n ' t  

been determined for t h i s  system t o  d a t e .  

I n  a d d i t i o n  t o  t h e  OH s t r e t c h ,  t h e  i n f r a r e d  spectrum e x h i b i t s  a 

phenyl ring/uxyKeri s t r e t c h  a t  1310 cm-l, which i s  s h i f t e d  from 1280 

cm-l i n  t h e  f r e e  bridgirit: ligarid. 

s h i f t  observed i n  the  model zirconium Schi f f -base  c h e l a t e ,  Zr(dsp)2 

(l7), wheyc Hzdsp = disalicyliclene-2-phenylenedicunine. 
red  absorp t ions  a r e  a l s o  c o n s i s t e n t  w j t h  t h e  s o l v a t e d  polymer. 

This  s h i f t  i s  analogous t o  t h e  

Other  i n f r a -  

Thin "ilrns ar.d g l a s s y  l a y e r s  of  t h e  zirconium polymer have been 

prepared.  The t ' i l m s  d i f f r a c t  l i g h t ,  but show no x-ray d i f f r a c t i o n  

p a t t e r n ,  which i s  c o n s i s t e n t  w i t h  t h e  amorphous n a t u r e  of t h e  poly- 

mer. A t  t h e  s h o r t  cha in  l e n g t h s  obta ined  s o  f a r ,  t h e  polymer appears  

somewhat b r i t t l e .  A yellow-orange p r e c i p i t a t e  i s  obta ined  from t h e  

addi t ior i  of ace tone  t o  DMSO s o l u t i o n s  of t h e  polymer. 
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LINEAR CONJUGATED COORDINATION POLYMERS 267 

Whereas II4tsb and its derivatives have very limited solubility, 

the DMSO reaction between Zr(sa1)b and TAB produces an oligomer which 
is orders of magnitude more soluble. Solvent removal in vacuo or the 

addition of a miscible nonsolvent such as acetone is necessary to is- 

olate a solid product. Thus the stacking interactions of the aroma- 

tic systems havc been overcome by the coordination to zirconium. 

This solubility difference appears to be related to the puckered, per- 

pendicularly arranged, quadridentate ligands anticipated from the mo- 

del compound x-ray structure ( 2 9 ) ,  in which the ligands show no ten- 

dency to stack with either benzene solvate molecules or chelate 

ligands from adjacent molecules. Models of the polymer chains, 

assuming the described stereochemistry, also indicate signifi- 

cantly reduced lattice forces. Nonrigid molecular motion may fur- 

ther hinder packing of t h e  polymer chains. 

A condensation polymerization using the water scavenger, 2,2'- 

dimethoxypropane(DMP) was attempted, but no perceivable increase in 

the average polymer chain length was obtained. Thus, we conclude 

that DIG' did not diminish the rate of chain termination, that im- 
precise stoichiometry limited the chain growth, or that DMP re- 
acted with one of the other reactants. Further experimentation is 

necessary. 

PROSPECTIVES 

The isolation of polymeric species with molecular weights in- 

dicative of degrees of polymerization of from 20 to 50 units for 

step-growth polymerizations which involve either a two electron re- 

dox reaction or else a condensation reaction in the presence of a 

metal ion which can react with water means that the extent of re- 

action and stoichiometry are 295%. 
reactions for polymer formationcould improve the degree of polymeri- 
zation even further inasmuch as solubility of the polymers in DMSO 

is still reasonable at room temperature in both cases. Toward that 

end we have synthesized bis(N,N'-disalicylidene-3,h-phenylenediamine- 

l-ethylbenzoato)-zirconium(IV)(3~).Preliminary reactions designed 

Reactions which are standard 
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268 ARCHER, BATSCHELET, AND ILLINGSWORTH 

LO form ladder polymers via condensation of aromatic mines to the 

free ester groups were unsuccessful. The reaction temperatures re- 
quired (2OO-16O0) to produce aromatic amides and benzimidazoles re- 

sulted in side reactions and lower degrees of polymerization. The 

use of catalysts (31-32) should allow much lower temperatures. Con- 

versely, more reactive functional groups could be used. Alternate 

polymerization modes for the tungsten chelate polymer include the 

Condensation of W(q)P(cq)2 [where q- = the anion of 8-quinolinol and 

cq- = the anion of 5-chloro-8-quinolino1] with N a p s  analogous to the 

synthesis of polyphenylsulfide from dichlorobenzene and sodium sulfide. 

Ilitithio derivatives coupled with diio& derivatives might also be 

possible,analogous to the polyferrocene preparations noted elsewhere 

in this volume. 

Whereas these studies were initiated toward the end of producing 

thermally stable polymers, the potential usefulness of these species 

may be more toward the production of conducting polymers or a related 

photochemical electron-transfer use. Eight-coordinate tunesten(1V) 

chelates can be oxidized to analogous tungsten(V) species as noted a- 

bove and partially oxidized polymers should function as electron car- 

riers. The standard potential for the monomer chelates ranges from 

+0.2 to +O.L volts v s .  SCE depending on the ligands (33). The f luor -  

csccnce of the zirconium Schiff-base polymer (34) is indicatjve of 
photochemical potential for these species as well. We have synthe- 

sized R tungsten(1V) Schiff-base polymer (16), but only in very low 
yields; thereyore, tungsten(1V) Schiff-base polymers have not been in- 

vestigated to date as no 

This ChRllenging synthesis could couple the advantages of both sys- 

tems we have been investigating. Further, the thermal weak points of 
the zirconium Schiff-base polymer appears to be a reverse reaction a- 

round ?50°C, which could be avoided by reduction of' the Schiff-base 

double bond with NaBHQ. 

good high-yield pathway has been found. 

Overall, we feel that the potential for such chelate poppers 

has Just barely been tapped. Bridging ligands such as l,>-naphthy- 

r i  (1 ine-11 ,O-diol and 1,5-diazaanthracene-g ,lO-diol offer marked nu- 

cleojrhilic advantages over the quinoxalinediol used herein. Syn- 
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LINEAR CONJUGATED COORDINATION POLYMERS 269 

thetic complications have not yet allowed the synthesis of eight- 

coordinate polymers with these ligands, but the potential i s  there. 

New specific syntheses of mixed-ligand molybdenum chelates (35-36) 

should allow extension of our polymers to molybdenum. The advan- 

tage of molybdenum relative to tungsten is a reaction rate increase 

for molybdenum. Conversely, this implies Less thermal stability in 

a hydrolytic sense. 

inert eight-coordinate cyano complexes are known should be obvious. 

The potential appears almost endless. 

Extension to niobium and/or rheriiun for which 
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