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S u m m a r y  

Using p las t i c i ze rs  w i th  one or two e lec t ron  donor groups at the 
a lky l  chain end the f o rma t i on  of e i t he r  " g r a f t - l i k e "  or 
�9 n e t w o r k - l i k e "  systems w i th  a ce l lu lose accep to r  is ev idenced.  
The fo rma t i on  of t he rmoreve rs i b l e  EDA-comp lexes  is i nd ica ted  by 
the mod i f i ca t i on  of the rheo log ica l  p roper t i es  of the po lymer ic  
systems in the f ina l  f l ow region.  There is a great  i n f l uence  of 
the spacer length between the donor groups of the p l a s t i c i z e r  
but not of the bulk iness of the endgroups. 

I n t r o d u c t i o n  

Cel lu lose a na tu ra l l y  occur ing  reproduc ib le  po lymer ic  ma te r i a l  
has gained a wide indus t r ia l  app l i ca t ion .  Ce l lu lose and i ts 
de r i va t i ves  are used for paper,  f ibers ,  p last ics ,  in food etc .  
(1,2). Na tu ra l  ce l lu lose is not d i r e c t l y  app l icab le  for t he r -  
mop las t i c  processing.  The re fo re  de r i va t i ves  l ike esters or 
ethers are obta ined by t r ans fo rma t i on  of the a lcoho l i c  groups 
(3). The d isadvantages of these ce l lu los i c  mate r ia l s  are both 
the need of g reat  amounts of p l as t i c i ze rs  and the i r  e l im ina t i on  
dur ing u t i l i z a t i o n  (4). There are at least  two ways to reduce 
the m ig ra t i on  of these add i t i ves .  On the one hand the use of 
po lymer ic  p l as t i c i ze rs  (4) and on the o ther  hand the im- 
p rovement  of i n t e r a c t i o n  between the ce l lu lose and p l a s t i c i z e r .  
An usefu l  method is the f o rma t i on  of e l e c t r o n - d o n o r - a c c e p t o r  
complexes (EDA-Comp lexes )  (5). 
EDA-comp lexe  f o rma t i on  w i l l  ser iously  in f luence  the theo log i -  
cal behav iour  of the po lymer i c  mel t  (6,7). Add i t i ves  w i th  one 
single donor group w i l l  resu l t  in a " t h e r m o r e v e r s i b l e  g ra f t  
c o p o l y m e r ' ,  whereas p l as t i c i ze rs  w i th  donors groups on both the 
ends, may conduct  to the fo rma t ion  of a " t h e r m o r e v e r s i b l e  
n e t w o r k " .  
The present  paper deals w i th  the fo rma t ion  of e l e c t r o n - d o n o r -  
accep to r  complexes between ce l lu lose t r i p r o p i o n a t e  con ta in ing  
about 20 mole% accepto r  groups ( i .e.  an average of one accep to r  
group for  th ree  g lycos id ic  uni ts)  and var ious donor components.  
Are i nves t i ga ted  the in f luences  of EDA-comp lex  f o rma t i on  on the 
mechan ic -dynamic  p rope r t i es  of the respec t i ve  blends and 
a t t emp ted  co r re la t i ons  of the rheo log ica l  p roper t i es  w i th  the 
d i f f e r e n t  models of t he rmoreve rs i b l e  comp lexa t ion .  
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E x p e r i m e n t a l  

1,2-Dibromoethane, 1-Bromo- and 1,6-Dibromohexane, 1-8romo- and 
1,12-Dibromododecane, 1-Sromocyclopentane as wel l  as N-Methy l -  
N-e thy lan i l i ne  (A ldr ich) ,  N-Methy lan i l i ne  and 3 ,5 -D in i t ro -  
benzoylch lor ide (Fluka) were f reshly redest i l led under n i t rogen 
or r e c r y s t a l l i z e d  t w i c e .  The c e l l u l o s e  t r i p r o p i o n a t e  ( A l d r i c h )  
was reprec ip i ta ted  twice,  whereas the B-Cyc lodext r ine  (Senn 
Chemicals) was used as recieved. 
The acceptor groups contain ing cel lulose was prepared by 
polymer analogue t rans fo rmat ion  of the cel lu lose t r ip rop iona te  
wi th 3 ,5 -D in i t robenzoy lch lo r ide  in dry ch loroforme.  The product 
was twice reprlcipitated f rom chloroforme into ethanol.  

( Mn = 24000, Mw/Mn = 2.6, Mo l .we igh t /accep to r  = 1035 ) 
The o l igomer ic  dext r ine acceptor ( i .e. D -Hep ta (g l yco - t r i p rop io -  
hate) acceptor ) was synthesized s tar t ing  wi th the B-Cyclodex-  
t r ine which was fu l l y  es ter i fyed to 13-Cyclodextrine t r i p rop ion-  
ate in propionic acid wi th propione acid chlor ide.  Then the 
ring was opened (8,9) and the recieved product t ransformed wi th 
3,5-Dinitrobenzoylchloride to the respect ive acceptor o l igomer.  
The ol igomer was mul t ip le  reprec ip i ta ted  from propanol into 
pe t ro le ther  (50-80). 

( Mn = 2450, Mo l .we igh t /accep to r  = 650 ) 
The a lky l  bidonors ( 1 ,12-8 is(N-methy lan i l ine)dodecane,  1,6- 
Bis(N-methylaniline)hexane and 1 ,2-8 is (N-methy lan i l ine)e thane ) 
were synthesized f rom the corresponding a lky l  dibromides and N- 
Methy lan i l ine .  The recieved producs were at least redest i l led 
under reduced pressure. 
The a lky l  monodonors ( 1- (N-methy lani l ine)dodecane and 1-(N- 
methy lan i l ine)hexane ) were prepared in the same way as the 
bidonors, s ta r t ing  wi th the respect ive a lky l  monobromides. 
The bipseudodonor (1 ,6-Dicyc lopenty lhexane)  used as an iner t  
addi t ive of analogous s t ruc tu ra l  dimensions as the hexane 
b/donor was systhesized from Grignard cyc lopenty l  magnesium- 
bromide wi th 1,6-Dibromohexane. The coupling of the Gr ignard 
componente was carr ied out according to Tamura and Koch/ (10). 
1 -N-Methy lan i l i ne -6 -cy lopen ty lhexane  was synthesized in the 
same way but using a great exess of the bibromide for the 
coupling react ion.  1-Sromo-6-cyc lopenty lhexane was obtained by 
des t i l l a t ion  from the react ion mix ture  and then t ransformed 
wi th N-Methylaniline to the corresponding monodonor-monopseudo- 
donor. 
Both IR, 1H-NMR and elementar  analyses of al l  compounds are in 
accordance wi th the expectancies.  
The blends of the cel lu lose acceptor and the o l igomer acceptor  
wi th the various donor and pseudodonor p las t i z icers  were 
prepared by freeze drying from dioxane solut ion.  Composi t ions 
for al l  the blends are shown in Table I. 
The mechanic-dynamic measurements were carr ied out on a INSTRON 
rheometer ,  Model 3250 using the plate and plate geometry.  The 
plate d iameter  was of 20 mm and the f requency range was of 50 
mHz to 7.5 Hz. The temperature range of the theo log ica l  
meassurernent was of near ly f rom Tg + 50 ~ to 220~ for the 
c e l l u l o s i c  m a t e r i a l  and f rom 40 ~ to  100~ for  t he  o l i g o m e r i c  
m a t e r i a l .  The i s o t h e r m e s  we re  s u p p e r p o s e d  to  m a s t e r c u r v e s  
a c c o r d i n g  to  t he  usua l  s h i f t  p r o c e d u r e .  
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Results and Discussion 

The mix ing of po lymer  w i th  p l a s t i c i z e r  is usual ly accompanied 
by a lower ing  of the Tg of the m ix tu re  (4). This behaviour  is 
also con f i rmed  by the data shown in Table I. 
Taking in to  account  tha t  EDA-comp lexa t i on  due to C T - i n t e r a c t i o n  
w i l l  i n f l uence  the rheo log ica l  p roper t ies  of po lymer ic  systems 
in the f ina l  f low regionr the re ta rd ing  in f luence  of the 
monodonor p las t i c i ze rs  w i l l  be e f f e c t e d  by the t he rmoreve rs i b l e  
f o rma t i on  of a " g r a f t - l i k e "  copolyrner s t ruc tu re  between p las t i -  
c i ze r  and po lymer  accep to r  backbone, wheras bidonor p l as t i c i -  
zers w i l l  resu l t  in a t hemoreve rs ib le  ne twork  fo rma t ion .  Both 
the f low re ta rda t i on  e f f e c t s  of the tang l ing  monodonor "s ide-  
chain" and of the b idonor t he rmoreve rs ib l e  ne twork  are depen- 
dent on the spacer length of the a lky l  chain of the respec t i ve  
p l a s t i c i z e r .  
In the case  of monodonor  p l a s t i c i z e r  the f low r e t a r d a t i o n  is 
the h igher  the longer  the a lkyl  cha in .  This is c o n f i r m e d  by the 
m a s t e r c u r v e s  of the r e s p e c t i v e  loss modul i  shown in the upper  
pa r t  of Fig .1 .  The i n c r e a s e  of the loss modul i ,  i .e.  the f low 
r e t a rda t i on  increases w i th  the length of the a lky l  group of the 
i n t e r a c t i n g  monodonor.  In the case of the b idonor p l as t i c i ze r  
the p robab i l i t y  of ne twork  fo rma t ion  is also re la ted  to the 
length of the a lky l  group between the two donor endgroups. This 
is shown by the mastercurves  of the loss modul i  in the lower  
par t  of Fig.1.  Again the f low h indrance is the h igher  the 
longer  the a lky l  spacer between the two donor endgroups. 
There is a surpr is ing s i m i l a r i t y  between the rheo log ica l  
e f f e c t s  of monodonor and bidonor p las t i c i ze rs  and for  d iscer -  
ning between the f low re ta rda t i on  e f f ec t s  of the tang l ing  
monodonor s idechains and of the bidonor ne twork  in Fig.2 are 
compared,  the respec t i ve  rnastercurves d i r e c t l y .  A l l  master -  
curves were s h i f t e t  along the f requency  scale to superpose at 
the i n f l e c t i o n  point  mark ing the t rans i t i on  between rubber  
p la teau and glass t r ans i t i on  region.  
I t  is ev iden t  tha t  the p robab i l i t y  of ne twork  fo rma t ion  between 
bidonor p l as t i c i ze rs  and the ce l lu lose accep to r  increases w i th  
the spacer length  between the two donor endgroups. For instance 
the e thaneb idonor  is too short  to act  as an e f f e c t i v e  cross- 
l i nker  and thus there  is no d i f f e r e n c e  between the rheo log ica l  
p roper t i es  of the respec t i ve  ce l lu lose accep to r  blends w i th  the 
mono- and bidonor p l as t i c i ze r .  Only s ta r t i ng  w i th  the hexane 
donors the c ross l ink ing  e f f e c t  of the bidonor becomes ev iden t  
and the f low re ta rda t i on  of the ne twork  fo rma t ion  is the h igher 
the longer the spacer between the two donor endgroups. 
Compar ing the monodonor and the bidonor p l as t i c i ze r  molecules,  
they d i f f e r e n t i a t e  not only by the number of the donor 
endgroups, but also by the bulk iness of the endgroups. The 
bidonor is con ta in ing  two bulky endgroups and the monodonor 
only one. Thus in a second series of exper iences was i nves t i -  
gated the i n f l uence  of the bulk iness of the endgroups of the 
p l a s t i c i z e r  on the rheo log ica l  p roper t i es  of the cor responding 
ce l lu lose blends. 
Acco rd ing l y  were synthes ized hexane pseudodonor p l a s t i c i z e r  
molecules in which one or both donor endgroups were subs t i tu ted  
by the i nac t i ve  cyc l open t y l e  group of near ly  i den t i ca l  dimen- 
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Table I: Composi t ion and glass t rans i t i on  t empera tu re  (Tg) 
of the analysed samples 

Pure components 
Ce l lu lose t r i p rop iona te  accep to r  
D - H e p t a ( g l y c o t r i p r o p i o n a t e )  acceptor  

Tg, ~ 
137.7 

53.2 

Blends of Ce l lu lose t r i p r o p i o n a t e  accep to r  
Component  D-A ra t io  Weight don . f rac t .  Tg, ~ 

Ethane bidonor 
Hexane bidonor 
Dodecane bidonor 
Ethane monodonor 
Hexane monodonor 1 
Hexane rnonodonor 2 
Oodecane monodonor 
Hexane bipseudodonor 
Hexane monodonor-  

monopseudodonor 

1:1 
I".I 
1:1 
2:1 
2:1 
1:1 
2:1 

1:1 

0.091 
0.110 
0.134 
0.102 
0.137 
0.073 
0.186 
0.096 
0.114 

90.6 
72.5 
88.7 

104.0 
78.4 
84.7 
96.2 

109.7 
80.4 

Blends of D - H e p t a ( g l y c o t r i p r o p i o n a t e )  accep to r  
Component  D-A ra t io  Weight don . f rac t .  Tg, ~ 

Hexane bidonor 
Dodecane bidonor 
Hexane monodonor 
Dodecane rnonodonor 

1:1 
1:1 
1:1 
1:1 

0.186 
0.226 
0.128 
0.175 

24.3 
23.2 
29.4 
28.3 

Legends 

F igure 1 : 

Figure 2: 

F igure 3: 

F igure 4: 

Compor is ion of the mastercurves  of the loss modul i  
of the ce l lu lose blends w i th  b idonor-  and monodonor 
p las t i c i ze rs .  The upper par t  shows the curves of the 
mono donors the lower  of the bidonors.  

�9 = Dodecane mono- or b idonor 
[ ]  = Hexane mono- or b idonor 
A = Ethane mono- or bidonor 
�9 = pure Cel lu lose accep to r  

Compar is ion of the loss modul i  of the monodonor-  
w i th  those of the bidonor p l as t i c i ze r  ce l lu lose 
blends. 
The e f f e c t  of pseudodonors on the rheo log ica l  beha- 
v iour  of ce l lu lose accep to r .  

The t r iang les  represent  the pure ce l lu lose 
acceptor  ( A )  or the blend w i th  the bipseudo- 
d o n o r ( A ) .  The squares represent  the blends w i th  
hexane monodonor (17) or monodonor-monopseudo-  
donor ( � 9  The c i rc les  are for  the blend w i th  
hexane b i dono r (O ) .  

Rheo log ica l  e f f e c t s  in a system w i th  the o l i gomer i c  
model compound. 
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( For c lea r i t y ,  only some representa t ive  exper imenta l  data- 
points are shown in the f igures.  ) 
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sions. The resu l ts  of the rheo log ica l  measurements are i l l u -  
s t ra ted  in Fig.3.  Are compared the respec t i ve  mastercurves  of 
the loss modul i  superposed at the i n f l e c t i o n  point  between 
rubber p la teau and glass t rans i t i on  region.  Besides the master -  
curves of the pure ce l lu lose acceptor  are shown the cor respon-  
ding curves of the blends w i th  the bipseudodonor,  the monodonor 
and the monodonor-monopseudodonor  as wel l  as w i th  the bidonor 
p l as t i c i ze r ,  r espec t i ve l y .  I t  is ev iden t  tha t  the p reva i l i ng  
rheo log ica l  e f f e c t  is due to the C T - i n t e r a c t i o n  of the EDA-  
complexes,  the re ta rd ing  ac t ion  being maximum in the blend w i th  
the bidonor p l as t i c i ze r .  
A very  last ev idence for  t he rmoreve rs i b l e  ne twork  fo rma t ion  by 
E D A - i n t e r a c t i o n  is presented in Fig.4.  To reach e f f e c t i v e l y  the 
f low region,  the po lymer i c  ce l lu lose acceptor  was subs t i tu ted  
in th is series of measurements by an o l i gomer i c  model compound, 
obta ined s ta r t i ng  w i th  the 8 - C y c l o d e x t r i n e ,  a cyc l i c  sacchar ide 
con ta in ing  seven g lycos id ic  r ings. 
A f t e r  r ing opening and p a r t i a l l y  t r anses te r i f i ca t i on  the 
cor responding o l igomer  ce l lu lose accep to r  model compound was 
obta ined.  In F ig.4 are shown the mastercurves  of the storage 
modul i ,  superposed at the beginning of the glass t rans i t i on  
region.  Taking in to  account  tha t  no changes were observed 
between the mastercurves  of the o l i gomer i c  ce l lu lose accep to r  
model and the blends w i th  the monodonor p las t i c i ze rs ,  only the 
mastercurves  of the blends w i th  the monodonor p l a s t i c i z e r  are 
compared w i th  those of the respec t i ve  blends w i th  the b idonor 
p l as t i c i ze r .  A l though low molecu lar  components were blended, 
the fo rma t ion  of a r ubbe r - l i ke  p la teau,  much more pronounced 
w i th  the dodecane bidonor,  can only be exp la ined by the 
f o rma t i on  of a t he rmoreve rs i b l e  ne twork  s t ruc tu re .  
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