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Abstract: A new polys tyrene  suppor ted  mixed  Schi f f  bases(PSCH  2 –LH  2 )  and  

the ir  coordinat ion  compounds  wi th  n icke l ( I I ) ,  d ioxomolybdenum(VI)  and 

d ioxouranium(VI)  have  been  synthes ized .  PSCH  2 –LH  2 has  been  synthes ized  by  

the  reac t ion  o f  ch loromethy la ted polystyrene crossl inked with 

d iv iny lbenzene(PSCH  2 –Cl)  and the  Schi f f  bases(LH  2 )  derived from 3-

formylsa l icy l ic  ac id ,  e thy lenediamine  or  propylenediamine  and ace ty lace tone .  

The  polys tyrene  suppor ted  coordinat ion  compounds  are  o f  the  types:  PSCH  2 –

LM(wh  ere M = Ni ,  MoO  2 ,  UO  2 ) .  They  have  been  synthes ized  by  the  reac t ion  o f  

PSCH  2 –LH  2 and  the  meta l  sa l t /meta l  coordinat ion  compounds  in  DMF.  The  

coordinat ion  compounds  have  been  char  acter ized  on  the  bas is  o f  e lementa l  

analyses ,  IR ,  re f lec tance  and magnet ic  suscept ib i l i ty  measurements .  The  sh i f t s  o f  

the ν (C=N)(azomethine) ,  ν (C–O)(phenol ic )  and  ν (C–O)(enol ic )  s t re tches  

indicate  the  ONNO donor  behaviour  o f  PSCH  2 –LH  2 .  The polystyrene supported 

Ni(II) compound is square planar; MoO2 (VI)  and  UO2 (VI) compounds are 

octahedral and Zr(IV) compounds are pentagonal  b ipyramidal .  The  compounds ,  

PSCH  2 –LM(wh  ere M = Ni ,  MoO  2 and  UO  2 )  are  d iamagnet ic . 

Keywords: Chloromethylated Polystyrene, coordination complex, mixed Schiff  

base, paramagnetic diamagnetic 

1. INTRODUCTION

Immob i l iza t ion of  t r ans it ion meta l  ions  on  the p olymer  suppor t  provides  an  easy  

route for  the s ynt hes es  of  immob il ized coordina t ion comp ou nds .  T he chela t ing  

r es ins  have nu mer ous  appl ica t ions  in va r ious  f i e lds  l ike ca ta lys t s [1–4][ e.g.  

Fe(I I I )  anchored t o polys t yr ene supp or ted Schiff  bas e is  eff ect ive in t he 

ep ox ida t ion  of  c is -cyc looct ene and  s tyr ene in pr es ence of  t er t -

butylhydrop er oxide] ,   sepa ra t ion of  meta l  ions[5–8] [ e.g.  chela t ing p olys t yr en e 

d ivinylb enzene bas ed r es in  conta ining  qu ina ldin ic  acid  a mide group has  b een  
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used for  the qua nt i t a t ive s epa ra t ion of  Pd(I I)  and P t (IV) ] ;  chroma tography[9–

11][ e.g.  immob i li zed Pd(II)  on a  phosp hine su lphide der iva t ed polys t yr ene a s  

chroma t ographic  ma t er ia l  f or  the s elect ive  adsorpt ion of  a mino acids]  etc .  S ince 

the s tab il i t y of  coordina t ion comp ou nds  inc r eases  wit h the incr ease in t he nu mb er  

of  chela te r ings ,  i t  is  of  int er es t  to immob il ize mu lt identa te l igands  int o th e 

polymer  ma t r ix .  T he s ynthes es  of  cross l inked p olys t yr ene bou nd t et r adenta te  

l iga nds  such  a s  iminobis  (prop ylenesa l icy l ideneimine)[12 ,13] ,  t et r a thiol [14] ,  

2 ,2 ′ - [diimino-1,2-ethane-diylbis (1,2-ethanediylnitr i lomethylidyne)]di-phenol[15],  

phtha locyanine[16].  Tetraazomacrocyclics [17,18],  N,N ′ -ethylenemono(3-

carboxysalicylidene- imine)mono(salicylideneimine)[19] etc.  have been r eported.  In 

this chapter ,  anchoring of mixed Schiff bases,  PSCH 2 –LH 2 (I )  der ived f rom 3-

for mylsa licyl ic  ac id,  propylenedia mine and  acety lacet one t o polys tyr ene ma t r ix  is  

descr ib ed.  T he polys t yr enes  supp or ted mi xed Schiff  bas es  have b een us ed t o  

synthes ize polys tyr ene suppor t ed coor dina t ion comp ounds  of  n ickel (I I ) ,  

d ioxomolyb denu m(VI)  and d iox ouraniu m(VI) .  

 

I  

2.  EX PERIMENTAL 

2.1  Mater ia ls  

Chloromethylated polystyrene cross-linked with 1% divinylbenzene beads(PS-Cl) 
(having 1.17 mmol of Cl per gram) [Sigma Chemical Co. (USA)], nickel acetate 
tetrahydrate, dioxouranium(VI) acetate tetrahydrate [BDH], Acety lacet one,  
propylenedia mine [Sarabhai M. Chemicals], were used for the syntheses.  
Bis(acetylacetonato)dioxomolybdenum(VI) was synthesised by the procedure reported 
by G.  J .  Chen,  J .  W.  McDona ld  and W.  E.  Newt on,3-formyl salicylic acid was 
synthesised by the procedure reported by J.C. Duff. All solvents used were dr ied over  
molecular sieves.  
  

2.2  Analyses  and Phys ical Meausrements  

T he meta l  cont ent s ,  IR ,  r ef lectance sp ect r a l  studies  of  the p olys tyr ene-

anchor ed coordina t ion compou nds  wer e ca rr ied out  a s  r epot ed ea r l i er  in our  

publica t ions[5] .  
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2.3  Syntheses  of Schi ff bases ,  LH 2 (I )  

 An et hanol ic  so lu t ion(30  ml)  of  3-for myls a licy l ic  acid(1 .66  g,    10 mmol)  

was  mix ed wit h a n et hanolic  s o lu t ion(15  ml)  of  acet y lacet one (1 .0  g,  10  mmol) .  

T he mixtur e was  kept  in an ice  ba th for  ½  h.  An et hanol ic  s olu t ion of  

propylenedia mine(0 .74  g,  10  mmol)  was  added s lowly t o the above mixture wit h  

cons tant  s t ir r ing.  T he mixtur e was  hea t ed u nder  r ef lux  for  45  min and was  cooled  

in an ice  ba th.  T he yel low pr ec ip ita tes  s epa ra ted wer e suct ion  f i l t er ed,  washed 

severa l  t imes  with et hanol and f ina l ly dr ied in vacu o a t  r oom t emp era ture.  Yield  

=  80%.  

2.4 Syntheses of Polystyrene-anchored Schiff bases,  PSCH 2 –LH 2 (I )  

 Chloromethylated polystyr ene(1.0 g) was suspended in DMF(20 ml)  for  45  

min.  A DMF solu t ion(40  ml)  of  LH 2 (0 .86  g,  2 .82  mmol)  was  added t o t he above 

suspens ion.  T he mixture was  hea ted u nder  r ef lux  for  8  h,  whi le s t ir r ing  

ma gnet ica l ly in pr es ence of  et hyl aceta te(100 ml)  and t r i et hyla mine(2  ml) .  T he 

mixtur e was  cooled  t o room t emp era ture  and t he yel low coloured produ cts  

obta ined wer e suct ion f i l t er ed,  washed t horou ghly with DMF,  ethyl aceta t e,  

et hanol,  met hanol and p et ro leu m et her  and t hen wer e dr ied in vacu o a t  r oo m 

temp era ture.  

2.5  Metho d o f the sy ntheses  o f po lysty rene-anchored N i(II ) ,  and UO 2 (VI)  

coord inat io n co mpo unds  

 Polys t yr ene-anchor ed Schiff  base(I  ) (0 .5  g)  was  suspended in DMF(25 ml)  

for  1  h.  T o this  suspens ion,  a  DMF solu t ion(30–50 ml)  of  the appropr ia te meta l  

aceta te(0 .94  mmol)  was  added.  T he mixt ure was  hea t ed u nder  r ef lux  for  8  h,  

while s t ir r ing magnet ica l ly.  T he products  wer e cooled to room t emp era ture and  

then suct ion f i l t er ed,  washed s evera l  t imes  wit h DMF,  ethanol,  met hanol and  

acet one.  T he comp ou nds  wer e dr ied a s  ment ioned above.  

2.6  Syntheses  of PSCH 2 –LMoO 2   

 Polys t yr ene-anchor ed Schiff  base,  I  (0 .5  g,  0.47  mmol)  was  suspended in  

DMF(25 ml)  for  1  h.  A DMF solu t ion (30  ml)  of  

b is (acety lacet ona to)d iox omolyb denu m(0.31  g,  0 .94  mmol)  was  added t o the above 

suspens ion.  T he mixture was  hea ted u nder  r ef lux ed for  5  h,  whi le s t ir r ing  

ma gnet ica l ly and then  cooled to r oom t emp era ture.  T he comp ounds  obta ined wer e 

suct ion f i l t er ed,  washed with DMF,  et hanol,  met hanol and acet one and dr ied a s  

ment ioned above.  

.  
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3.  RESULTS AND DISCUSSION 

 T he polys t yr ene-anchor ed Schi ff  bas es (I )  wer e s ynt hes ized  b y r eact ing  

chloromet hyla t ed p olys t yr ene(PSCH 2 –Cl)  and t he mix ed Schiff  bas e(LH 2 )  in 1 :3  

r at io r esp ect ively in DMF.  T he r eact ion w as  carr ied out  f or  8  h and t he r a t io of  

PSCH 2 –Cl:  Schiff  bas es  b eing 1 :3 .  I f  the t ime was  less  t han 8  h and a ls o the r a t io  

being 1 :<3,  the p olys tyr ene-anchored  Schif f  bases  a lways  conta ined  s ome 

unreact ed CH 2 C l group.  T he p olys t yr ene-anchor ed Schi ff  bases  a r e  ins o luble  i n  

aqu eous  and non-aqu eous  s olvents .  Howev er ,  they under go cons iderable s wel l ing  

in DMF.  In the pr es ent  s tu dy,  DMF was  chos en a s  the so lvent  du e t o i t s  h igh  

d ielect r ic  cons tant  and i t s  ab il i t y to d iss o lve la rge nu mb er  of  meta l  sa lt /meta l  

comp lex es .  T he chlor omet hyla ted  polys tyr ene cross l inked  wit h only  1% 

divinylb enzene was  select ed b ecause a  h igher  cross l inking a ff ect s  the meta l  

b inding p ower  of  I .  T he colour  of  PSCH 2 –Cl is  whit e and tha t  of  I  is  pa le yellow.  

As the r eact ion progresses,  the white colour  of PSCH 2 –Cl cha nges  to pa le yel low.  

T he colour  of  p olys t yr ene-anchor ed Schif f  bases  r ema in u nchanged even  a f ter  

thorou gh washings  with DMF,  ethyl aceta te ,  ethanol and metha nol.  

 T he synt hes es  of  p olys tyr ene a nchored  Schiff  bases (PSCH 2 –LH 2 )  (I )  an d  

their  coordina t ion comp ou nds  a r e shown as  per  Scheme 1 .  

 
Scheme 1 .  EA = ethyl aceta t e and T EA = tr i et hyla mine 

 

PSCH2–LH2 + M(CH3COO)2 
reflux
DMF →  PSCH2–LM + 2CH3COOH  

 [M = Ni(II)  and UO2(VI)] 

PSCH2–LH2 + MoO2(acac)2 
reflux
DMF →  PSCH2–LMoO2 + acacH 

 T he s ynt hes es  of  p olys t yr ene-anchor ed coordina t ion comp ou nds  wer e 

ca rr ied out  in 1 :2  mola r  ra t io of  p olys tyr ene-anchor ed Schiff  bas e t o meta l  

sa lt /meta l  comp lex .  T he colour  of  t he p olys t yr ene-anchor ed coor dina t ion  

comp ou nds  a r e yel low green,  yellow or  or ange dep ending on the meta l  sa lt s  used.  

T he colour  of  the p olys t yr ene-anchor ed coordina t ion compou nds  r ema ins  

+ PSCH 2 Cl 
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unchanged even  a f ter  pro longed washings  wit h DMF,  et hanol,  metha nol  and  

acet one.  T he polys t yr ene-anchor ed coordina t ion comp ou nds  have 1 :1  meta l : l igand 

s toichiomet ry(T able 1 ) .  T he p ercent  r eact ion conver s ion of  the p olys tyr ene-

anchor ed coordina t ion comp ou nd va r ies  f rom 38.0–92.4(Table 1 ) .  T here is  no  

apparent  cor r ela t ion b et ween p ercent  r eact ion conver s ion and t he s ize  of  th e 

meta l  ion.  T he meta l  b inding capacit y of  t he r es ins  is  0 .26–0.66  mmol of  meta l  

per  g of  r es in(T able 1) .  T he meta l  ions  can b e ea s i ly s t r ipp ed from t he 

polys t yr ene-anchor ed coordina t ion comp ou nds  by d i lu t e acids .  

T a b le1 .  C o l ou r  a n d  A na l y t i ca l  D a t a  of  P o l ys t yr en e - A n c h or ed  C o or d i na t i o n  

C o mp ou n d s  

Polystyrene-anchored 

Complexes 

Colour Found(Cal

cd.) (% ) 

Metal-binding capacity 
(×10–2) (mmol/g of 
resin) 

Percent 

convers ion 

PSCH2–LNi Yellowish 

green  

3.9 

(4.22)  

66.4 92.4 

PSCH 2 –LMoO 2 Yellow 2.5 

(6.58)  

26.0 38.0 

PSCH2–LUO 2 Orange 11.6 

(14.86)  

48.7 78.1 

 

 T he infr a r ed spect r a l  bands  of  polys t yr ene-anchored Schif f  base,  PSCH 2 –

LH 2 (I )  a nd t hei r  coor dina t ion  c o mp o u nds  a r e  g iven in T able 2 .  3 -

Formylsa l icy lic  acid exhib it s  ν (C=O)(COOH) s t r etch[20 ]  a t  1660 cm– 1 .  LH 2  

ex hib it  th is  band a t  1670 cm– 1  r esp ect ively .  However ,  PSCH 2 –LH 2  show two new 

bands  a t  1730 and 1640cm– 1  r esp ect ively.  T he for mer  band is  a ss igned t o  

ν (C=O)(es t er )  and the la t t er  band to ν (C=N)(azomet hine)  and/or  ν (C=O)(ket one)  

of  acet ylacet one moiet y.  T he pos it ive s h if t  o f  band from 1670 to 1730 cm– 1  

indica tes  the for ma t ion of  cova lent  bond bet ween PSCH 2 –Cl and LH 2 [21] .  T he 

polys t yr ene-anchor ed coordina t ion comp ounds  a lso show t he band a t  ~1730 cm– 1  

which indica tes  the non- involvement  of  ν (C=O)(es t er )  of  I .  H owever ,  the band a t  

1630 cm– 1  in  I  s h if t  t o lower  ener gy b y 2 0–35 cm– 1  in  coordina t ion  comp ounds .  

T he nega t ive s h if t [22]  of  th is  band indica tes  the involvement  of  azomethine N  

a tom towards  coordina t ion.  PSCH 2 –LH 2  occur  in keto for m as  evident  b y the 

d isappea rance of  ν (C=O) s t r etch of  I  upon coordina t ion,  a lso the coordina t io n  

comp ou nds  show a  new band a t  1220–1230 cm– 1  du e to ν (C–O)(enolic)  

s t r etch[23] .  T he pr es ence of  t h is  band c lea r ly indica tes  t ha t  I   ha s  u nder gone 

Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

Volume 23, Issue 6, June - 2021 Page -1124



t au tomer iza t ion upon comp lexa t ion.  T he ν (C–O) (phenol ic)  s t r etch of  I   occur r ing  

a t  1530 cm– 1  s h if t s  to higher  energy b y ≤10  cm– 1  in coordina t ion comp ou nds .  T he 

above p os it ive s h if t  ind ica t es  the involvement  of  phenol ic  ox ygen a tom towards  

coordina t ion[24] .  T he IR  da ta  pr ec lu des  t he pr es ence of  a  dimeta l l ic  s t ructure,  a s 

in ca s e of  d imeta l l ic  s t ructure the ν (C–O) (p henol ic)  s t r etch is  exp ect ed t o  

shi f t [25]  to h igher  energy b y >10 cm – 1 .  T he absence of  ν (O–H ) in t he 

coordina t ion comp ounds  indica tes  the deprotona t ion  of  t he p henol ic  hydrox yl  

group.  T he above obs er va t ion  sugges t s  the ONNO donor  b ehaviour  of  t he 

polys t yr ene supp or ted Schiff  bases .   

Table 2 .  IR Spectral Data  and R ef lectance Spect r a l  Da ta  for  Polystyr ene-anchored 

Ligand and the Complexes  

Polystyrene-

anchored 

l igand/complexes  

ν (C=N) ν (C–O) 

(phenolic)  

ν (C–O) 
(enolic)  

ν s y  
(O=M=O) 

ν as y  

(O=M=O) 
νm a x  
(cm− 1 )  

PSCH 2 –LH 2 1630 1530     

PSCH2–LNi 1610 1535 1230   12550  

20100  

24800 

PSCH 2 –LMoO 2 1595 1540 1230 910 945  

PSCH2–LUO 2 1605 1535 1220  905  

 

 T he p olys tyr ene-anchored d iox o-  ur aniu m(VI )  comp ou nds  ex hib it  a  s t r ong 

band a t  905  cm– 1  du e t o ν a s y (O=U=O ) s t r etch,  cha racter is t ic  of  the pr es ence of  

the t r ans-UO 2  s t ructure.  T he for ce cons tant (f U – O )  va lu es[26]  a r e 6 .66–6.81 

mdyn/ Å which a r e wit h in  the r ep or ted r ange(6 .58–7.03  mdyn/Å) r ep or ted for  t he 

ma jor ity of  t he d iox ouraniu m(VI)  comp ou nds[27] .  T he U–O bond d is tance(R U –

O )[28]  is  1 .74  Å a nd l i es  with in t he usua l r ange(1 .60–1.92  Å)  r ep or ted  for  th e 

ma jor ity  of  d iox ouraniu m(VI)  compou nds[29] .  T he dioxo-  molyb denu m(VI )  

comp ou nds  ex hib it  ν s y (O=M o=O) and ν a s y (O=Mo=O) s t r etches  a t  910  cm– 1  and  

945 cm– 1  r e s p ec t i v e l y .  T h es e b a n d s  a r e  i n  t h e u s u a l  r a n g es  8 9 2 – 9 6 4  a n d 8 4 0 –

9 2 5  c m – 1 ,  r es p ec t i v e l y  f or  t h e ma j or i t y  o f  M oO 2 ( V I )  c o or d i na t i o n  

compounds[30].  The IR data  indicate the presence of c is -MoO 2  structure as the 

c o mp ou n d s  p r ec lu d es  t h e p r es en c e o f  a n  o l i g o mer ic  s t r u c t u r e[3 1 ]  w i t h  

· · ·Mo=O ···M o=O·· ·  int er act ion.  As  t he space b et ween t he a djacent  meta l  cent er s  

Journal of University of Shanghai for Science and Technology ISSN: 1007-6735

Volume 23, Issue 6, June - 2021 Page -1125



in the polys t yr ene-anchor ed coordina t ion comp ou nds  is  occup ied b y the polymer  

backbone,  the pr es ence of  such an o l igomer ic  s t ructure is  pr ec lu ded in our  

comp ou nds .  

 T he r ef lectance sp ect r a l  da ta  of  t he p olys tyr ene-a nchor ed  coordina t ion  

comp ou nds  a r e pr es ent ed in  Table 2 .   T he p olys tyr ene-anchored nickel(II )  

compounds exhib it  two bands at  20100 cm–1(ν2)  and 24800 cm– 1(ν 3 )  du e to t he 1 A 1 g  

→  1 A 2 g  and 1 A 1 g  →  1 B 1 g  t r ans it ions  in a  squa re p lana r  geomet ry[32] .  I t  a lso  

ex hib it  a  weak ba nd a t  12550 cm– 1 (ν 1 )  which is  a ss igned  to a  sp in- forb idden 1 A 1 g  

→  3 A 2 g  t r ans it ions[32] .  
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