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ABSTRACT 

The·· ·svnthesis of pol vcarbonates formed by the react :ion 

of 'l,l'-dihydrox;r'ethyl°~2,2'- _b .iimidazole and dipheny] or 

diefh~iL -carbo:nate.s ·:was investigated and the products formed 

were characterized. The .molecular weights of the polymers 

were · depende-rit: -on catalys~, ratio of starting materials, 

nature of carbona.t.e .. (aromatic :or aliphatic) and method of 

polymertzat'il'>n'. I"sb'lrited pol"ymers· exhibit a linear 

s trucbir~ · •. · They_:. lia'le ___ no _we_l1-7 .. d.e.fined .· · ._melt.ing . points 

(melting pt~· range of '280- ::JJ0°C) indicating low degree of 

crystallization, and undergo less than 9% decomposition 

be low 200"C. 



·i~i . 

ACKNOWLEDGEMENTS 

I _w~u.~d like .. to . express .. my deep uppreciat ion .to m.r.·: 
advTsor, pr.: .. Harv~~t L. Collier :for his ~dy~~-e. t . support :: and 

ass is ts.nee:· in the prepa:ra t-ion of : ·this·· , th_esis ~ .. Thanks . a.re .. 

also e)_{tel)~ed to the m.embers: of ·my committee, Dr~ .. James ·o. 

·· · Stoff~.:/.~t.,,}~~icl"tael .. V.a..~ .. :P..~.::.,~¥.~ a_nd Dr • . Roger ·F .• . ·.}.tro~n-:;::f9:r.i 

their .. .. time i»td .ef,for:t in ~.h~ . . ~9~r:ection . o.f . t:.h.e: . .. . £.in.al. 

of 

teaching · and· re·s:ea'.r?h ~ssistantships, I wish to thank the 

Department of Chemistry. 

To my .. mother . anci .:~~::;te~s, <;i·:~v~;.·my. ·thanks·~.for .··th~ir· ~··. 

guidance and -love ·and· .. ~·:i:nsti:lling in . me a .. drive· to be the 

best ·. I can .:· be.~~ 



TABLE OF CONTENTS 

ABSTRACT · 

ACKNOWLEDGEMENTS . . . . .. . 

LIST OF ILLUSTRATIONS 

LIST OF TABLES . · 4 .. . • :·"· .- • • • 

I.- INTRODUCTION 

II . . R~VIEW OF 4ITERATURE 

. ·. ·A. STRUCT~E '·AND PROPERTIES OF 
2, 2' - BtIMIDAZOLE . . . . . 

B. SYNTHESIS OF 

iv 

Page 

l j 

vii 

ix 

1 

. 4 

l,l'-DIHYDROXYETHYL-2,2'~BIIMIDAZOLE 6 

C. STRUCTURE AND SYNTHESIS OF POLYCARBONATEs· 9 

2. Methods of Preparation 

3. Mechanism of Transesterification 

4. Effect of Catalysts 

.· _..D ~:/·.·pRtJlitRTIES "OF POLYCARBONATES 

1. C!OSS linking 

2. Crystallinity 

3. Thennal Stability 

4. Transit ion Temperature~; 

S. Related Work 

III. EXPERIMENTAL 

.. 9 

10 

J:3 

l8 

18 

22 

23 

A. THE PREPARATION OF 2, 2' -B.I IMIDA~~OLE 23 

B. THE PREPARATION OF 
1, l' -DIHYDROXYETHYL · 2 ,2' -BlIMIDr\ZOr.r: 24 



v 

·r. .-Et~ylene Ca.rbonate . Preparat'i . ."on· 
Method . . • . . . . . . . . 24 

/J.~:~ '_:2:::Cb:loroethanoI-· P1:eparat·ion~~Metl)c.d · . 2 6 

·_c__ THE-' P~EPARATION OF POLYCARBONATES _·:·27 

L. ~~t,h~~is of P-oJ..y,c-~bonates.-:-,1,,,.. 6 . - . 2 7 

. -z ..... Synthesis .· of Po lycarbonates I- XV I I I 3 l 

D. CliARAC?:ElllZATION OF POLYCARBONATES. 32 

• • •< JI( • • · ·~ • • . • . 32. 

2~ F-0Ui;'iei'-.)E-i..ansforin·,-.1nfrat·ed 
SpE!°'Ct-roscopy ,., . · .- . . . . 

3'·, N~c..le.ar ... Ma~e.tic .Resonance 
Sptfct:ros'c4.P! . . . . · · 

32 

4. ·Differential Scanning Calorimetry 32 

5. Thermogravimetric Analysis 33 

·5: •. qe1· ·Pernieatfon. Chromatography 3 3 

35 

A-~:. TliE PREPARATION OF 2, 2' i:BIIMIDAZOLE 35 

B. -~ · THE·· PREPARATION OF - . . . 
1 , l' - D~IHYDROXYETHYV- 2, 2 ' ~BIIMIDAZOLE 3 9 

;I.~ .. . ~tpy}e~e . Ca_rqo~ate Route ·•. . . •. .3.~ 

·:2~·· ··-2"'":Cb-'l.oroethanol Route 47 . ·. 

·c ·. ·. ···THtr··'PREPARATION OF"·;·POLYCARBONATE·s s 1 · 

D •. _CH.ARACT.ER.1ZAT!ON OF. POLYCARBONATE -~ 57 

-~~ ~cl~bility .· ,.-~ . . . ~- . 

.·,·.-. 2\ · ·In-r?ared' , Spe·ctra 

3. ·NMR 

4. D$C 

5 .• TGA 

6. Molecular Weight 

57 

57 

66 

74 

79 

79 



· vi 

V. CONCLUSION . . ' . . 
REFERENCES . . . . . . . . 

·· ~·: ·.... . . ,: ·: 
. . ~ · ·. 88 · · · 

92·· .. · VITA 

APPENDICES--:· 

A. SOLUBILITY OF POLYCARBONATES.~: -:rN ···METHANOL," 
METHYLENE CH~ORIDE, THF AND DMF - 93 

B. SOLUBILITY OF POLYCARBONATES . .-;I~ , DMSO., 
.ACE"T,rc ···ACID AND CHLOROFORM _ ~ -.. • · . • • ~ ·95 



Figure 

1 

L:._ ·. 

.3 . 

>LifT OF ILLUSTRATIONS 

. . 
The ?_, 2 ... ::.~.t!~i.d,a.z.9J_e _ MoJe cu l .e ·~•-'· •. .. .... , . .. ~ . . _ ._ . . . 

Syn~hesi~ of _ 1, ·1JD~hydroxyethyl
·2 ·;2··.;biittridazole · us."iriif 2-Chloroethancl 

Synthesis .of i,l~Dih;droxyethyl-
2_,,?."'."biimidazole.:~ .using --~-t~ylene .carbonate 

vii 

· Page 

5 .. 

r · 

·.8 . 

A > The ___ fhos_ge~atipp., ~J _Aromatic _p~hy~_roxy 
Comp·o,'.ind ·:rri? P"fridi'iie .. -~-- . . . - ·. · ·. . . . .. -· ·· · -·• . · . 1:4 

. 5 

7 

~ -- · 

9 

10 

:.,· 

14 

15 

16 

T.ransesterification -of Aromatic Dihydroxy -----<· ·· ,· . 
GQ~p~µ~dnwitll .:-_;pip_l:l.enyl -·C-arbona t e ,:· -- -. . . . _ •.... •. 

Mechirii\1~ · · fo}":; .-Ac"id.--Catalyzed 
Transesterification Reaction 

Mechanism for Base-Catalyzed 
Transesterification Reaction 

I~. SP.~0fj~:\1ftl ·~~c'.:°;~j,imidazo 1 ~ . • . • .. . . · • .• 

Thin L~je~ -- --~~roriiat·ogra~h of 
1, l-'Dihydroxyethyl-2 ·, 2-Biimidazole 

... •· . . 

. _. . . , .. . -, . · .. · . . ·. . . ' . ·•·· . . . . 

H~,~ .·?p,7¢_t .rtjin.._ Q:f..:l, 1-.D.ihy_droxyethy l-
2, 2-Br1mid~zole·· v1a E~hylene Carbonate Route 
fin· nMs-c>·~a -r · · ·. .' . . . . . . . . . . . . . . 

...... 6 ' .· ' ... 

-~?Jr'.~[t~~-P:~{~ft~,)#.~~~i-.;-r t~'ri°thy,iro xy et hy 1,. :. _. _ 
2 ·~-z~"':B·1'itni:tlazole ·via Ethylene Carbona t · e Route 
{t~--::l?M?.9.::--. <:i 6) .. _ .. _ · ~. · · · · · · · · · · · · · · 

H-NMR- ·spectrum -.of l~l/Dihydroxyethy.l-
2 ·-,2-JBiimidazole·- via 1;·,·2·i·chloroet:hanol Ru..ite . (in 
D 2o) . . . . . . •.. _ ... . _. . . . . . . . . . . . . 

. . 
. . I 

C-13. N~ ,~pe_ct~m of. l~ .1-Dihydroxyethyl-
2, 2!Biimidazole via 2-Chloroethanol Route (in 
DMSO-d6) . . . • . • • . . . . . . . . . 

IR Spectrt.tm .of. l,l~Dihydroxyethyl-
2,2lBiiniidazole ~ . . . 

IR Spectra of ·pc-1, PC-2 and PC-3 . . 

IR Spectra of PC-4, PC-5 and PC-6 

16 

17 

··, ·. • ·J.8 

41 

42 

. 41, .. · 

48 

49 

50 

58 

59 



17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

'}7 

28 

29 

30 

31 

32 

IR Spectra of PC-I, PC-II and PC-III . 

IR Spectra of PC-IV. PC-V and PC-VI 

IR Spectra of PC-VII, PC-VIII and PC-IX 

IR Spectra of PC-X, PC-XI and PC-XII 

IR Spectra of PC-XIII. PC-XIV and PC -· XV 

H-NMR Spectra of PC-·V and PC-VI 

H-NMR Spectra of PC-VII and PC-X 

H-NMR Spectra of PC-XII and PC-XIII 

Proposed Structure for 1:1 Diol:Carbonate 
Ratio . . . . . . . . . . . 

Proposed Structure for 1:2 Diol:Carbonate 
Ratio- . . . .. . . . . 

Proposed Structure for 2:1 Diol:Carbonate 
Ratio . . . . . . 
Solid Carbon-13 NMR Spectrum of PC· Ill 

H - NMR Spectrunt of' ·pc-I _·· . . · 

DSC Results of PC-I, PC-III, PC-IX and PC-XV 

DSC Results of PC-II, PC-VIII and PC XlV 

TGA Analysis of. Polycarbonates 

viii 

60 

6l 

62 

I; j 

6/i 

67 

68 

69 

71 

72 

73 

/5 

76 

11 

18 

8l 



ix 

LIST OF TABLES 

Te.hie Page 

I S_unuiiarY. of . ·t;n~.-- -~-~nditions in. the synthesis of 
Polycarbonates at 1:1 Dial/Carbonate ratio....... 28 

II Sµlllinatj. -of _the . conditions .in the synthesis of 
-Po-l.y-carbo,iiat~s-.. at··,-2-:T~· and ·-.1·:·2 ···Dio·1:/-08rbonate ratio 29 · 

III El"e~~);1):·a1 . anaiysi_s of 2, 2 '. -·Bi:t~idazo le. . . . . . . . . . . . 3 7 

IV·: l, l' -Dihyd~oxyethyl-2-,2' :/:aiimula"z-ole· "60MHz proton 
NMR spectrum analysis ..... _ •.••. . . _. -~ ••• ~ •........•. ... .•. _. ·A3 

·v l,l'~Dihydroxyethyl-2,2·· ,~·Bi.{~idazole C-13 NMR 
spectrum analysis (in DMSO-d6) --. . ~i·~-'~~. -•••••••••• 45 

VI Elemental ·analysfs o·x 1, l' -,Dihydroxyet:hyl-
2, 2' -Bi.imidazo:le · ... -•... · ............. ·.............. 46 

VII l,l'-Dihydroxyethyl-2,2'-B~imidazole infrared 
assignments ... · .••................. . . . . . . . . . . . . . . . . 52 

VIII Yield, Physical form and Method of isolation 
of Polycarbonates .•. , . .. .. . • .• . . . . .. . . . . . . . . . . . . . . . . . . . . . 53 

IX Infrared·-assignments- _o.f .i?olyca!:'bonates............ 65 

X Su~ary .. :of_·:proton··'NMR: ·ab·sorptions o:f 
Po lycarbona:t.es'°. .•..... ·.·_ .. .. ·. ~ ..... ·. . . . . . . . . . . . . . . . . . . . . 70" 

XI TGA- ~nalyf>is ··.of-:;·po'lycarbcmate·s:~...... . . . . . . . . . . . . . 80 

·xtI Mo1e·cctTttr/ wei:ght··:a1·str-i1,ut·io11· · of ~-fo.l"y~arban.at.es.. . 82 

XIII Mole~~U.a.f· weight __ co~paris.on ·of Polycarbonates. . . . . 85 



l 

I. INTRODUCTION 

ri"he search for polymers with superior thermal stability 

has led to the synthesis of many new polymeric subsumcP.s 

far use as fibers,-. film$, .1.~ubhers, adhesives, plastics and 

electronic applications. The main stimulus has come from the 

need to meet the demands of modern techno logica 1 advances 

and, in particula~ .• . t:l~~ _,increasingly stringent requirements 

Thermal stability~ - in·- tr.e 

most practical sense, means the ability of a material to 

maintain the requi'red 111echanical propert"ies sudi as 

strength, toughness, or elasticity at a given temperature 

r , l 
t. ~ . 

Some . of. the .. outstanding ~'?~teyements in the development . 

of the_rmalty stable_ ; "polymers have .: stemmed from research 

directed ,·to_ward: ·.the . incorporation _. of heterocyclic ring 

systems it;}to _. · a, polymer chain · [-2J~ -The discovery of the 

. unique therin~r .. ·:a#a~· ~·a·?C-;4~t-ive ·_,stability of . the p_olyimi4e_s, 

p:o.J.y°( 1, 3. , .4-:-.ox.adiazoles) > 4na.::: p~lyhen:dmidazo les al 1 ied with 

. · the. abi 1 i-ty to~\fabricate;., :them .. into "useful forms ··serve·d · to 

"foctis attedtion·."'orf ·the· ·pr;>tential of hetero~yd ic polyrne_rs as 

a .class . . 

on- the preparation and 

cha~acterization of polycarbanates based on l, 1' -

di~j'droxyethyr-2,2·• ~biimi~azole~ Commercial aromatic paly

ci~6onate~ are :·produced predominantly on the basis of 

bisphenol A [3]. Bisphenol A is preferable to other 
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aromatic dihydroxy compounds because of the relative ease 

wfth which it is produced. from . 1'.:ide.ly available and 

economical raw ·materials... A search · f.or new aromatic 

_p9Js~arb,onates .. with .P,r9pert.i .es different and . superior to 

bisph~1fol A ·-f~ under . way [4]. ·Also, routes . ·to. poJycarbonates 

without . phosgene are . currently .·the subject of :extensive 

research .. 

the experimental ,parameters for ·generation 0£ polycarbonates 

incorporating:: 2, 2' ~ bi imida"zole in the j:>olyirierii: . chain and 

second to characterize . techni<J':l~s for understanding how 

variations in properties of polymers are manifested. It was 

antic_ipated that _by .. incorporating 2,2.' - _biimidazolt! in the 

poly~eric ·· chai_~\ wi,th i ·t,s: aromat-ic-hetero;cyclic properties 

(5], ·pol_ymers ·with' enhanced theniial -_ ·p,:-"operties comparable to 

poly [ 2 ,"2- pr9pane:: bis ( 4- p_heny ~- -c_a:rl;>~'.>nah~)] could ... be· -prepared. 
~ . . ~ . . . ~- .... ,~ ... _... . . .. ·:; . . . ..... . . . . 

polymer. First:-·· 
. . . - ·' 

2, 2' ~bi imida~o1~ iiS; _synt:he·sized - fro'm · glyoxal 'an'd ammonium 
hydroxide~ Seriond 1 l\:;..1:!·:..dihydroeyethyl-2, 2 · -~'.h·iimidazo le is 

synthesized by using_ . . ·,ethylene· c~rhouate -: . [6 1 7] or 

2-chloroethanol [8] as· hydroxyethylating agents . . In the 

last, aro~tic-heter~cy.t";lic · polycarbonates are synthesized 

by rea~ting·. · - 1, l·';.~dj:b,y<.iroxy_ethyl-2, 2' -biimidazole with 

diethyl carbonate o'r ·_ diphe"ny~: ··carbonate using·: ( 1) a 

non-catalyzed reaction to · test the self-catalyzing ability 

of l,l'-dihydroxyethyl-2.2'biimidazole; (2) a reaction 
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catalyzed by the base sodium methoxi de; ( 3) a react i.on 

cataly2.ed by_ the acid_., titanium tetrachlon.de. All the above 

reactions are carried -out under non-solvent and solvent 

conditions. These polycarbogates are chara~terized by using 

the fourier transform infrared-- spectroscopy ( FTIR), nuclear 

magnetic resonance (NMR), differential scanning ca~orimetry 

(DSC), thermograv_j,metric _analysis (TGA) and gel permeation 

chromatography {GPC), 

Present ,,=,e'~ea'.r-~h pi:oj~c-ts in this laboratory involve 

the s ·ynthese$-· .of .o.ther ·li2'' ~bi"imidazole cont·aining polymers. 

These include the preparation of polyurethanes, polyepoxides 

and vinyl polymers. In addition, the transition metal-ion 

binding abil~ty of ~ .. -~:-~i~~idazole (9-13] has prompted 

investigations . of--~~-tjal oii1d~n'~ stabilities, polymer compiex 

structure, and the contributions bound metals make to 

polym~r _prope~ties. . . The ·c;o_mhination of t:hese properties 

~ill · make the polym~rs·· suitable for many applications. 

Ty.picaT ar.eas -of · :us·e "LiicTude '"e-f~·c'tricai applications\ . 

adh.esi_y~s :~ polyme,~~-c: _ c~elation, coatings and engineering 

applications. 
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II; · REVI·EW OF LITERATURE 

A. STRUCTURE AND PROPERTIES OF 2,2'-BIIMIDAZOLE 

years ., it_s ,, .synthesis. has never be.en tlie · object of an 
-.. ·. ,· . . -·~ - . -- .· ... :~- - ·-:-. ·:>/-~ : . 

ex.tensi,ve invest£gation,. the . synthesis · used by Debus ( shown 
. . • ' ' ' . . . - . ~ •· ·. · :.: . ' . . . .. . ·.•. .. . . . " . .. . , . .. · 

in equation 1) has bee.n ~nOWll to give very low yields [5]. 

The low yield obtairi.ed :can be explained bast::d ... on ----- t:-he · 

:,q,n4:rous sj.de pro4uc_ts b~~ng formed by competing reactions 

[ 14]. Although· -D~bus ·e ·stablished the ~o.rrect: compo~it:i~n ·of: 

biimidazole;_ he·-·-did not -... propos.e ~ structural formula. It 

was Bamberger who furnished the most convincing evidence for 

the structure· of· bi:i.'llidazo-1.e -. (.15.J. 

tl) 

Stud-ies of ··transi.t-ion metal coinp_~~~:.es of biimid~zole 

have p~esent:ed a clear ·picture · of the structux-e .. of 

2,2'-biim~~~zole (see Figure 1) (9-13]. The · · term 
- ... 

2,2'-biimidazole implies two fiJe-membered heterocyclic 

imidazc,le ring . syst:ems - ' bonded together at: the carhomi 
. ..... _ : ,· · 

numbered 2; eac~ ring consists of a tertiary nitrogen and an 

imino gro.up .. The imino nitrogen, also call~d "azole .. (16] or 

"pyrrole''.- [ 12] possesses two electrons in the unhybridized 

'p' orbital which are cont:ributed t:o then cloud. While the 



H 

I 
N 
l 

3 
N·· 

Figur~·1. The 212'-Biimi:iazole Molecule 

5 

H 

H 
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tertiar}' nitrogen ("p.yridine" nitrogen), which is designated 

with -post~ion' ; 3 ,_ con.fains ~ lone pair of electrons in a 

hybrid :_o_rbit_al_ -_and a. single electron in the 'p' oTbital 

which is donated to . the ,.ll. c-ioud. Each of the three carbon 

atqms :·: c.on_tr-~bti_t~_:· .. a. J~z· ~Je.c~r':)~ _.'_~o the· mo-lecular orbital 

[_13 J. An. aromatic .. s_extet . [17], .. ( 4n . + 2) 11 ;.~ 611 is the:n 

availab1e··. for . each,. imidazol.e_, :ri~g~. 

Bi·imi<lazole h:fs high so1ubility·· :tn···very polar s·olvents 

and low solubility in non_:-polar s_olvents [ 18]. Hyd .T:"ochloric 

acid so iubi-lizes· the biimidazo le by salt format ion. 

Biimidazole is only· siightly soluble in boiling water. The 

presence of the acidic pyrrole and basic nitrogens in the 

biimidazole structure (pKa = 4.57) accounts for its 

amphoteric behavior. 

B. SYNTHESIS OF l,1·-n1HYDROXYETHYL-L1_'-BIIMIDAZOLE 

_ T.w.o . metho~s. the synthesi~ of l _~ 1 ·.-~ 

dihydroxyethy1~2 ,-2' -bi·inddazole were investigated by a joint 

effort between .the atithor and others [19]. One was prepared 

a~ reported by Melloni et. al [8] usi 1g 2-chloroethanol as 

b1e: hydroxyethylating agent (.figure 2). The other method, 

involving·· ethylene Earbonat:e: f6, 7], is a general method for 

hydroxyethylation of secondary amines (Figure 3). 



.. 
. 7 

+ 

F igu.re 2. Synthesis · o"f l, l '.-pihydroxyethyl-2, 2 '-Biimidazole 
usin~ 2-Chloroethahol · 



H H 

r>-<:J 
Figure 3. 

HOca29,i2 yH2CII2 0H 

+ KI --, ()-<) + 

Synthetti·s · .. of i ~ l ·.'.~Di_hydroxyethl~~_:~ ,:2 '~Biimidazql¢ 
u~in9.·:J{t:iylene:· ca·rbdria te 

8 
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. Et:nyle"tie carbonat"e · 1s highly effective as a ·rcafient for 

. _iJ~~.t\)4\.f<;fm~: -.. ·t _h~· · hr_drox_yethyl group~ i;1to ir.any types ·. of 

high dielectric constant .. -· .... ...... .. ' : . . . . .. of 

. et_hylene carbonate, _plus it_s' ··ea."s)i .Q·f" .;hana1ing, low toxicity, 

and · low· corrosfyi·ty, make it especially s(iita.b1e as a 

so.lven~ for _ ~p~ci_~~~-.z'e.c:( ~f)P_,lic~t~c.>n.s_· . Yoshi~o reported - that 
. . .. . ,. , ·: · . . . . ·. . . .• . 

a sti:o.n& nucleop~ilic .or ... ha'."sic ... cataiyst is requir"ed . to 

accomplish the hydroxyethylitiqn ~ft)fJJ1e· '. "~}(roon."ate °(6]. The 

cataly"st· employed in "thi"s· work ·,w~s· .... : potassium iodicie ·o{r) 

imino hydrogens is ·, init,i;~ted ·. ·.by .nucleophilic attack on the 

ethylene carbonate methylene carbon by the halide anion {I-L 

.The halide ·· anion i-s ·.·. then displac~d .·~Y· .the : ~ii~dazole ani_on 

to -yielcf the p<-~·:ny'drd'xyet"hyl: ··c ·omp_o_u.nd. -._'E~hyl_ene c·arb6nate 

undergoes · prottmatirin· :: ~·n.-./the.-,-:c:~r.bo6,y.r_ oxygen atom. Once the 

hydroxyethylation,· :is ~- accomplished, ·tlie:.activ:e hydroxyl group 

can under~?. _further reactions . 9Bi.ca~ · of alcohols, and gives 

rise to the ·:·-synthetic:::me~hcds e'mp1oyed -in . this study. 

C •. - S.TRUCTURE AND SYNTHESIS OF .POLYCARBONATEl?. 

1. Structure~ 

Polycarb~nat~s ~~~ a special class of thermoplastic 
. . 

polyes.ters · formed· f .rom -.the.- reaction of carbonic acid 

derivitives with ·aliphatic, aliphitic-aromatic, or aromatic 
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dihydroxy compounds (21]. They may be represented by a 

general structure as shown. 

0 
It. 

H - [. -ORO··- C ·- Jn ---OROH 

The first . systematic . i.nvest.igation of the preparation 

of high-mole_cl!-,lar-weight _p9Jyc{ld~on~t~s was carried out by 

Carothers an~ . co-w~r~~rs [ZZ]. 'rhey. ·· were able to prepare 

relatively high. : moL:icular".'.':-·-· · ·.weight polycarbonates from 

aliphatic . -and., .cyc.l9ali.ph~t;.ic __ ... 9io.ls. ,PY- .. - t.r~n.scstertficat ion 
- :.·: . ···. ·-.. , . . - _. · - _. - . . . ·- ,' . . 

with diethyl carbonate. ,·, :/The preparation of aromatic 

polycarbonates from bisphenol by various procedures was 

carried out by Schnell and co-workers of Farbenfabriken 

Bay~r [23] ". _ T}:les~ .. pol?carbona:tes .. ·were the ·first .high-_.m~_lti_n.g 

polycat"bonates developed with ·pot"ential applications in 

areas demanding high temperature stability. 
. . . ... _. . Depending on 

the nature of R, in the above formula. the ··polycarbonates can 

be subdivided . . into al) .. ph~tic ~ ... · a.l.ip_h~t_i_c-aromatic, or 

a r.oinat·ic· polycarbon·ates 

·--·2 ~- Methods of Prep~ra~.i,on-~ 

Aliphatic· ~C?.!jc~rbgn~.tes may. :be ~ynthesized by a 

varie_t:y: of' p~ocedure·s.:t·jj ._:-including- reaction of di hydroxy 
. : ·.-··._ .. -..... .. ..· . ·: . .. .. · .. 

compoun_ds with ph_os ~:ell_~ : or ~ith · bischloroforffiates of 
... · .. · 

. aliphat:i"c: : .. ·--~{hydroxy. ··.· ~~~-~bu~ds; 
. . . . . .. . : . ~ ·.-... . . . .· . 

transesterification; and 
. . 

polymerization of cyclic carbonates. The most suitable 

method for the preparation of aliphatic polycarbonates is 
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the-.... t.ra·nsesteri-fication of diesters of carbonic acid . with 

~quimolar. amounts of aliphatic dihydroxy compounds as shown 

in e·quatiori (2 )';·· .· . Phosgeriation of dihydroxy compounds in 

pyridine is less favorable due to the difficulty associated 

in carrying our the 'reac·tiotf i ·n ·· 'ga'·s€!ous phase :.·',and ·high 

toxicity of py1·idine. It··. ·= is·. : ' d~ffical~· · ·to · prepare 

bis-chlorocarbonic acid esters of aliphatic dihydroxy 

compounds in a · sufficf~ntij high purity ·for ·t~e ~rcparaiion 

of high mole~uta:·r- -:\;-eTght · pc>'Tycarbonates hacausc~ ··:o·t~·.··t11~H~· 

thermal instabi·li.t.y . . Therefore the preparation by this r.oute 

is of interest ·only wh~n di.fferent dihydroxy compounds are 

to be used to form a regular copolymer with alternating 

monomer units. 

0 0 
" ~ 

nHO ·-··R - OH+=: nR'o - C -- Olt - H - [ORO~ C]n -OR'+ (2n- l )it-OH \2) 

Peterson -~epcirted that high ~?lecular-weight. · ·'a:I:iphati¢ .' 

polycarbon<lt:es · with fiber- · :and·.' f -ilm~ forming:·: properties are 

obtained by . tral\se·steri'ficat ion . ·o'f• aliphatfc . carbonate . 

diesters.: .~su.~h_:·~·s .. : .. dfet.~y.-1. · ... o~ dibutyl -~_carbona~·e· ·onfy ·: ·.in ,.t_he . . 
, · . ' · . . . - . . . . . 

presence o·f· .a· .. :,St·r~·ngly alkaline ··. ca·taiyst· [24]. Piep.enbrink, 
. . .. . , . . . • - . . - . . .. 

[ ~5] reported that aliphatic .·dihydroxy compounds can -be 

transesterified w1t.h diphe~yl carbonate without catalyst and 

at relatively low temperatures. 

Aliphatic-aromatic poly.carb.onat_es were prepared (26] by 

polycond.ens·a:tion ·of ·. the· · bisalkyl or ·. bisaryl carbonates of 

aliphatic-aromatic dihydroxy compounds by splitting off 



12 

di-a:lkyl or diary"l carbonates in the pres2nce · of titanium 

catalysts such as tetrabutyl titanate, titanium 

tet.rachlo.ride or titanium tetrabromide ·.as shown . in equation 

(3). 

0 0 
11 11 

xR1-0- C-0-R-0- C-0-Rr ..'... 

0 0 0 
II ti II 

R'-0- c . ..:. [,_.0-R- 0- C-Jx ,....Q - R'+ (Xf l)R-0-C-O-R' (3) 

· where· R .-:: aliphatic-·aromatic group froll} dihydroxy compou~d 

R'~ alkyl 6~ aryl group from ~irbbnate compound 

The bisalkyl ·. or bisaryl carbonates of aliphatic-aromatic 

_dihydro~:y co~pounds used as the raw . material . fo"J; t:his 

condensation · ' , can be made" by :reaction of 

a1iphiatD:._;~romat ic d{hy_q~o·xy cornpoµnds wJth ., alkYt ... or a:t:yl 

chlorqcarbonic. ac~d .e.st.:~rs. ,~iri pyridine. 

Aromatic . po1y,ca,r.Qonat.es .refer /t:o.: po,lyesters :::,f·. carbonic· 

acid . which are derived from dihydroxyl . compounds . in whi·ch 

the hydroxy.l.. group_s ·· are directly ': attached to an ar_omc1:.tic 

· ring ·T3l~ · ·11~-gh · molecular weight .polymers of · aromai:'{c . 

· po-lycarbonates·· may-,·be prepared by: phosgenat ion of · aromatfc ·· 
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dihydroxy compounds in the presence of pyridine (Figure 4), 

the interfacial polycondensation of aqueous solutions of tl1e 

alkali salts of aromatic dihydroxy compounds \.:ith a phosgenc 

solution, and the transesterification of aromatic'
0

-'dihyaro,cy ·· 
·.· conipounds···with · d'iafy1 ·-·carbonates· · .{Figure s). 

3. · · Mechanism···of· Transest:e·rificatfon. 

The transeste.rification .reacti_on proceeds : iri .a .w_ay . such 

that the ester link of the ester ~omponent of the reactant 

eliminating the corresponding alcohol as shown in equation 

(4). 

u+ or -oa 
RCOOR' - + · R"OH- -------~ RCOOR" + R. OH ( 4} 

Transesterification may be catalyzed by acid or base. 

The mechanisms .Lor the two reaction3 are presented in 

Figures 6 and i respectively (17,27]. Theoretically, the 

transesteri--ficat.ion requires pract ica 11 y c~quivalent amounts 

of starting materials. Since the p0lycondensation is an 

, quilibrium reaction~ the monohydr~)xy compounds must be 

quantitatively removed from the reaction melt to shift the 

equilibrium to the right. 



x HOA-R-0' ~ OH 

\d -

H _. 00-~ ·R-r~O-~--·I 
- \ ;- x 

+ 2~o·HCl 
Figure 4. The: Phosgenation ·ol Aromatic Dibydroxy: .Compou-nd 

in Pyridine · .·· · · · ~ · · 
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j f . I 

H 00' ·R-n~OJ 0-o.· ~ 
- ~-J . 

+ 

x 

Figure 5. Transe;sterif ica tion , of Aromatic Di11,ydraxy 
Compoq-nd with Dipheoyl Carbonate 
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4 ·. Effe~t ·of Catalyst~ . 

. · .. 1.:· :.~a-r~e number of catalysts have been de~cribed for the 

transe~terificati.on of aromatic dihydroxy co~pourids with 
;_.· ..... . . · 

dipheny 1 car_b~n~te. 

effective. 

metal ox.ides, hydroxides,'· and amides [21]. Acetates of 

c~J~ium, magnesium, and zinc, : ~S - W~ll ~as antimony compounds 

. l?8:l < .- ~mi.·: solub.~e ,manganese :;.couip'.ounds .(29] .- are not very 

effective • .. Acidic catalysts, , ~-~ch as phosphoric .aci~ .. -,· 8:~~:-. 

its :, ·•aci.dic ·salts ·~ ··tncre~l'Se the rate ot tr'iirisesterification 

( :io f. . High moTectilar weight aromatic-aliphatic poly..:. 

carbonates were obtained from bisalkyl or bisaryl carbonates 

with · p-xylylene glycol when special catalysts such as 

titanium tet rabutoxide or ti t:anium tetrachloride were · useci:': 

(31]. 

D. PROPERTIES OF: POLY~ARBONATES 

aliphat.ic.7 .• cycloal iphat ic, and ·,aromatic-aliphatic poly-

carbon~tes. The ~ost extensively ~tudied polycarbonates are 

the aromatic typ_e, . particularly those derived from bisphenol 

A .. 

1. Crosslinking. 

The commercially used aromatic polycarbonates are high 

melting point thermoplastics soluble in common solvents. In 
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some ~pplications it is advantag€:ous to reduce the 

solubility and nwelling in ~rga~ic solvents and to raise the 

heat distortion po~nt. Both results can be achieved by 
. . ' . 

pri'macy· 'cro~fsl'inkibg ' of the lin.ear macromolecules. Such 

crosslinking can be obtained in polyc~rbonates to a limited 

degree by io_nizinS. .. ~-~di~tion, by . treatment with oxygen and 

formaldehyde, substance.s which form fonnaldehyde [ 32], or 

po ly~p,9iJdes at higher t empe ratu re, as wel 1 as by heating 

those polycarbonates with functional groups with tendencies 

to undefgb crosslinking reactions. 

Aliphatic . pclycarboriates have not ." found any commercia1 

significance as intermediates :for the preparation of 

crosslinked molded articles or in ~he : area of films, fihers, 

-·ol:' _·· thermoplast·i -c:s ~. This resu 1 t :-\ ·~ -. due primarily to the·i.1:-"·fow 

melting points:, : their high solubility, : their hydrophylii: 

nature, .and:: their often times low thermal :stab±l·ity ~ 

'2. . Crystallinity~ 

The t ·enden'cy· · 0 f ' . ' . an aromatic ·'polycarbririit~ · t~ 

crystallize 4€:Rericis . . or .. i .ts_, constitution, molecular weight, 

and · to some exten_t, _its __ m~lecular-weight distribut:ion [21,:]. 

·The general rule ·in the polycarbonate series is that the 

tendency of the polymers to crystallize decreases as the 

substituting groups on the central carbon atom of the 

dihydric phenol becomes less symmetrical and more branched 

[33]. 
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Many of the aliphatic aromatic polycarbonates 

inv~sti,ga_teg showed· a &:reat tendency to crystallize [ 3]. 

They. usually~ ,s_olidify fr~m . the molten state to an opaque 

and 1 in many case~., brittle . microcrystal line mass. Fibers 
. -. - . . . . . . 

which can -be ,ori~:mted _by st_i;et:ching can be pulled from their 

respective m~l.t~ • .. T~~ . . o_rient_ation is fixed by the high 

degr_ee of crystallinitx •. : 

3. Thennal Stabiiity. 

Aromatic . poly·carbonates possess a · high . degree . of . 

thermal stability and undergo little decomposition below 

2so~c (34). The processing of polycarbonates at higher 

temperature can, however, lead to thermal and thermo-
._-_ ...... '\. · . 

oxidative .,, .. breakdown . . with co~sequent deterioration in 

mechanical properties~ 

Aliphatic polycarbonates are stable in a molten state 

at temperatures .above 2oocc if alkaline or acidic : impµritt~~-

are not present [3]. ·However, extremely small amounts of 

impurities, especially of alkaline reaction, cause 

degradation and d !Composition of the aliphatic poly-

carbonates at temperatures above 1so~c. 

4. Transition Temperatures. 

Aromatic polycarbonates with low crystallinity do not 

have a definite melting range [3]. Above the 

glass-transition temperature they soften and undergo plastic 
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-deformation u~der the -i~fluence of mechanic.al stress. On 

-tt.e ... othe:r , harid;,. a·rontatic crystalline polyca.rbonates exhibit 

an·:_ ex~.c~> JJt~ltJ~g -<point, measur~ble _by common methods, such as 

op_tical . _ meas~:r.ement _of . : birefringer.ice ,_ determination of 

-~pecifi·c :.· ·.-he·a~': .·_: or' . .-he~t . o.f ' phas_c · 'chanse by dif terential 

t~erma-1 · ana-ly~i-s, .. ,tl1~rmal _". mechani_cal behavior by to rs iona l 

Jno(iult1$,,. and .. . ot"h'.er~t~ .. :·A·. _p.oncrystalU.ne poly_carbonate from 

:bis.phenol A so:ft-_ens ~-_:i·tm}f-icant ly .above _ . 200~C whereas 

crystalline p~tycarbonafe o·f . the same constitution melts 

-~e· glass trinsition te~perature (Tg) at 149'C for 

bisphenol A polycaibonate <is unusually high compared to that 
. , ._, ,· ... _ ..._ :...-

of po1rs!=1ren~ c 1~0°c.L _poly-ethylene terephtha 1ate (69~c), 

nylon.· _'6·}.6.> -( 4?°C). ari.d~.-_:polye~hylene ( ~-45'>C). At the Tg, an 

important cl.etennina:nt ·. of many physical-mechanical 

properties, th~re is a significant onset of molecular 

mobility ( rotatio'n). A high Tg indicates excellent 

dimen3iona:r. ·. st:'iib'ilitj': ': J1nd. res i St <!nee , t 'o . creep under load, 
. ·. . .. · .. .... :_ .... ,: ... ~-- .: . : . .. "" -·.· . :· . . - : . ; .. 

both prop,e~.ti~s. c,f .·, pisphenol A polycarbonate. The Tg 

essentially · sets th~ upper temperature limit for maintenance 

of mechanical and electrical properties. 

The aliphat:1:-c-aroinatic polycarbonates t whi.::h have the 

same degree of crystallinity as the corresponding aromatic 

polycarbonates, melt at considerable lower temperatures [J]. 

This lowering of melting temperature (Tm) is caused 

primarily by the increased mobility of the macromolecules 

due to the aliphatic groups. 
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Bec.a.u.~e o.f: the low polarity of - the carbonic acid ester 

gro\_Jp, aliphatic pol_ycarbonates are, at room tempera cure, 

· . ge~~_r:tlly :' Vi's:c:ous· .. liquids or microcrystal line, low-melting 
- . . . . . . 

raaii~es with .a :··t:.el~_tively. :, narrow melt'ing range [ 3]. 

5. Related Work. 

Except for the polyimidazoles .i._ ai:id .. P?lybenzimidazoles, 

::the , thermal and , thermoxidative _st~bi ~i.ties o°f . the 

imid~z~le~contaiiing polymers have not been studied 

ext ens.i v.eJy., J:he<·-·,-~y9,_t;h_~s-is of .polyimidazoyl es-t ~e~s · .by 

polyc6nderisation of ~~id chlorides 6f. imidazoyl dicarboxylic 

acids· · with glycols has been · ·reported ·[JS]. · Linear 
polyesters were found that exhibit good thermal stability, 

hi~h sol1.1bi.li.t,y· in ·strong · acids, -~nd. pa_rtial solu_bility tx(· 

dimethylformamide· (DMF), -hot: pyridine, and ·N~met~yl 

pyrro1idone. 



23 

III. EXPERIMENTAL 

· Equal · vo1tJri'tes of .. 29%:·. -s6Tt.itfoh: 6f ammonium hydroxide and 

·/;0%· -~~ron.1t1.cn of gly·oxaT were· combined with st1rn.ng. n1e 

reaction prOceeded·/ .rapid-ly:·-·· ana·, ·-the precipitate formed was 

immediately suction filtered .arid viashed repeatedly with 

· distilled . wat~r· .unt:11 the filtr.ate -... i-ias .· clear. The- crude 

precipi:tat:~, -was::- p:laced:. in 3000-4000 ,,:·m1 ,:of ·distil led wa'ter .· 

The 'mixttire:' was"'-lirough.t · to boiling :wf~h · stirring and then 

filtered by Stiction while ·hot.: · Light-brown crystals of 

biimidazole were · obtained upon cooling and isolated by 

suction filtration. The recryst_~llized)riimi~azole was dried 

at l0()~C-'.for a period of 24 hours . The recrystal.li~ation 

process was·:· repeated '1tth the insoluble ·portions collected 

in fl)e sucti_on funneJs .· until .all :.~he ·,_.bii;idazole 

extracted by· the. · bo{l,irit{. ·water. The melting · point of 

biimidazole was detormined··.-with -ri_ Fisher ~J'Ofuis ·.'mel tt~g : pqi~t 

apparatus_. I~f_t.::~};-~9 . ~ sp.e,_c.::t.r.1.1m :of . . $JJ.mple suspended . in l<.Br ·. 

pellet was recorded on a Perkin-Elmer Model 1750 Fourier 

transform infrared spectrophotometer. Elemental analysis was 

_ don.i ;~;}y< Galbraith Laboratory ,. ( loc2.ted at 2323 Sycamore 

Drive,. Knoxville~ :··Tenness~e). 
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B. THE PREPARATION OF l,l'-DIHYDROXYETHYL-2,2'-BIIMIDAZOLE 

i~. Ethylcrie C!rboriate Preparation Method. 

The, usi-ng · 

ethylen:e .: ~ carbonatP- ~- as t:he hydroxyethy lat ing ·agent ,was 

extensively studied. Many syntheses \·iere performed varying. 

until opt·imum cond-ittfon's·· .'·'· :-and ·· reactants .. quarit,it:ies wer~· 

found.·. Reacti9n · .. /· tempe,r;a tu res ~ere contr.ol led . . by an 

a,.ito't.rans·~ormer ·: and: ·the optimum temp:eraf:ii"re ·was ·: found to be 
- · . . 

at 99°C . . The optimum ·rea·c_t -ion· time·; detennined by observing 

the rate ot< evolution·-·: o"f ' co2 :" through a water bubbler was 

found ·. _t ·o t,e .;_ approximate).y 2. 5- 3. 0 hours . A general procedure 
. . . : ·- :·.' . .. :.. : . - ·, .. 

A 1.650 g - quanti_tr .'(0·;.0187· mole-) of ethylene carbonate 
. ~ ' .. 

( reagent grade from · Fischer "S'cient.ific) was weighed into a 

50 ml rot1nd box.tomed .t1as1<. .. · Because ethylene carbonate was 

use·d as the .·.,_'.so:l:ve1~t:\ :; :i:f~·:-was:_-::important to · al.low··, . it to melt· 

(m. p. 35- 3rc) ····~t·· the."lieiinriing :~·h{··t:he · reaction in order to 

maximize blending of -~·~·act ants_.· -~<then 1. 250 g ( 0. 0093 mole.) 

Jof .-:: recrystalliz.ed 2-,2':-:ljiimida-zole ;·along with 0.0041 g KI . 

and·· a stfrr·ing bar were added to ... the flask. The catalyst, KI 

was added ·at ·o~l%~based on moles of ethylene carbonate. The 

reaction was conducted at 99°C -for about 2. 5-3. 0 hours, or 

until no C02 evolution -was detected using a bubble gas trap. 

Product isolation was accomplished by first washing the 

reaction mixture with acetone to precipitate unreacted 
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b1.imidazole which· was then removed by gravity filtration. 

The acetone was- rem:.>v~d from the · · fi 1 trate by rotary 

~~'~pqrati~n. A _dark brown, ~_i.g~~Y . viscous crude hydroxy

e.thylat·e·d 2) 2 I -~{i.inidazole ( 60- 70% yield) was -~~llecte~ • 

Due to the fonnat1on of ·monosubstituted~, hydroxy-

ethylation products and other side-products formed from 

reaction of ethylene carbonate ·-··. and KI', separation of 

l, 1' .. dihyd·roxye_.thy1~~2-,-2 '-...;biimidazo le ·from the ·· reaction 

mixt-ure ; was . . .. di_f~~cult to achieve. Purifi~ation of 

1. r· -dihydroxyetny1~? . 21 2.. -bi imi<lazo 1 e. was carried out by· 

first treating the crude product with decolorizing carbon 

using acetone (Reagent grade), stored over molecular sieves 

(Type JA grade 564) as solvent until a light yellow product 

... ·, ) ' ~ 

Th~ desired product -~i~l~tion :was obtained . by 

elutingithe reaction -mixture through a chromatograph column 

of 28- 500 mesh si·T~~a- g~l' {Gri1d·e · 12 from ·Aldrich) . dessidin·t. 

with dry- ,acetone.> -~The-· reaction mixture ,was:. eluded - with 

·nceto_rte lmtil · the. effluent ---<~a·s _ _. colorless. ·11ie frJ(ct:i~_tt 
I • . •, ~ ' • • ' , 

contai_riinif .-. the .. ~i>uri_fied product -.wa:s. then e1uded · with MeOH/ 
. : :..:. .. · . -•. _ .. _ ,• .. ·,,. •. . ·. - ' :_ . .':. . . ,· ."' ,• : • .... : .. . . ' .• _; .. ::: t,. ,:..._ . 

H20 (:~~-\4-?) .. :~solve~t. The solvent was remo'ved by .rot:;_a.ry 

evaporation. The purity .'o'.f :the final product was determined 

by thin lay~~ _c~f_omatography. ~_T~G) on ~Ox_S cm Wh_at.man KC18 

plates. The s~~ple, dissolved in methanol-water (67.5:32.5) 

was applied to the plate with a micropipet to form a 2-5 mm 

spot. The product was stored · in dessicator over calcium 

chloride at room temperature. An elemental analysis of this 

product was performed by Galbraith Laboratory. The 
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structure was confirmed :~ by FTIR (Perkin-Elmer 1750) -on. NaCl 

disk~; and·' Pro.ton and Carbon-13 NMR (JEOL FX 100) by using 

r:netij_y1 . .,suifoltide,_~--~6-- ~s . solvent-. The preparation ,_,anq., 

recry°_Stal_li~atio~ J?~OCedures were repeated --: to &>~nerate 

signi°fi-cant-
- . 

quan~ities. · ... qf_ 1, 1' -dihydroxye t hy,l.~2; 2·· - . 
. . :: ·· · •.... . 

biimidazole. JP:~-- ~J~men~al-. __ aQalysis . and spectral data are 

given in section iv~ 

" 2_-Chloroethanol Prep_~rAtion ·Method. 

A suspension of 4.02 g (0.03 mole) bf 2·,2'-biimidazole 

1n 150 ml of ethanol and 19.65 ml 20% NaOH (0.1 mole) was 
... •· : 

heated at 60°C to effect solution. 7.249 g (0.09 mole) of 

2-chloroethanol were slowly dropped into the solution over 1 

hour.· The mixture was kept at 60°C ·for:: 24 hours. After 

cooling to room temperature, excess biimidazole was filtered 

off and separately washed ·with ;.;atc:r. · The washings were 

added to the reaction· mo~her · liquors. · -The solution was 
-· .· 

't:··vap~\~-~i"~u :;_~(!.: -cijy~-~-s~·, .. :t::tle': res1ciue '· d.1 sso l ved <tn·. 7~>~ ·itir·: t,f . ' 

water, neutralized ~ith ai HCl, an~ -~he solution extracted 
.•.. · .•. , • •• • ~· / • • ·:. .· . • '.i. ; -.:. . . . • . ........ · • - : : . : .:.• ~ . • • 

with 1 L chloroform.· The dark oil obtained after removal of 

solvent in vacuo was dried -in a vacuum oven at 6Q··c for 24 

hours. The structure was confirmed by proton NMR (using DzO 

as solvent) and carbon-13 NMR (using DMSO- d6 as solvent). 
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C. THE :- PREPAR.ATION -OF -POLYCARBONATES ·.- .,. 

The p9~yqarbo~at~s -were synthesized by two methods: by 

· transesterification . reaction in the., melt ·; (without solvent) 

and in solution. . .Genera_l ly, in carriing , out- p~lY- .. 

esterifica.tion iri ·_ the · :melt, · 1;eaction. is perfonned :in two 

st_ages _ ( 36J.. rµst the i::eaQ.tion 111ix.ture is heated in a 

current of inert . gas f_Q}_l_gw~r.;i PY . h~at:ing J,;1) 'va·cuo ,t oo, 

eliminate . the )..ow mole.cular wei:g!lt· ·. re.a~tion by-products . . 

The ·he·atirig : --··1;n: a 'C:llrrent oL .inert gas satisfies ~everal 

c r i t ~ j;_i._ a :_ .. _o_pg~~_tJ._ng ___ ,,t:he, .__ process _.Ln th:e --~h$enc-e of 

atmo"sphe:r-1:c· ox:ygeti9 ~h:fi;l{.: triiiy' :'cause· ' the degradation of the". 

high molecula.1::? weight' polyr,ier form~d; _st-"~rri.ng···>the react ion ". 

mass, if the current of. in·ert _ gas :fs· .. passed through it"; and 

facili.tatirt~ the e-liimi-natdloti.t' --of . . low molacular· .. · :we:i,;gq.t: 

react"i"on products (phenol or ethanol) f.rom the . . t:ea"ct:_iqn . 

medium. The · prepara~i:on·· of polyca.rboria.t~s _: .. _by' 

polycondensation ·. ·i.ti' .:roid'ti'on:··was carried out )it ) the boi"ling" 

p9irit o.f the soi vents ., .DMSO.:.:.and DMF.t 1)pJ;:ing :the, .:_:r'.eaction,, ·. t .he:.~ 

was -ci=f.£· 
. • . ' .. , carrying -it 

mo}e_co:1-ar.' we'i;gnt reacffo'if prodtfcts ;_a11,cI ··thtfr'eby shifting the. 

~q.uil.tbr:fttm :ixL.· the ·.ci.,-rection ·o ·f the format-ion ·of- the 

po lymert.c Jn_Ol~~-ul.~S .• 

1. Synthesis of Polycarbonates 1-6. 

·Table. ·±-ii· sumniari·zes the conditions used in the 

preparation - of polyc~rbon~tes. PC~l through PC-6 were 

synthesized by transesterification in the melt using the 



TABLE I 

SlJ!111ARY-OF .THE COND.ITIONS .IN THE SYNTHESIS OF 

POLY~ARBONATES AT 1:1 DIOL/CARBONATE RATIO 

Name Carbonate 

PC-1 DEC 

PC-2 DEC 

PC~3 DPC. 

PC-4 DEC 

PC-5 DPC 

PC-6 DPC 

PC~I DPC 

PC-II DPC 

PC-III DPC 

PC-IV DEC 

PC-V DEC 

PC-VI DEC' 

PC-XVI DP'C 

PC-XVII DPC 

PC-XVIII DPC 

Wt. biol ···Wt. Carb. 

(g} 

.Q: .. 5.09 

cL·stH) 

·o>s-oo 

0.500 

0.500 

'2 ... 1127· -

1. 99·13 

1.8529 

2 .158'0 

.,4.· ?{t97_ 

;1~9051· 

0 .7240 

1.0450 

0.9460 

{g) 

_ 0. 266 

0.266 

0.-266 

0.482 

0.482 

2.0386 

1. 9174 

1. 7841 

· 1.1470 

1.0126 

" c no v.VJU 

1.0072 

0.911 

Solvent Catalyst 

-J1<:>ne 

none none 

none TTC 

none 

none TTC 

·uMSO no_I}e_. 

DMSO NaOMe 

DMSO TTC 

DMF - none 

.PMf ~aOMe 

DMF TTC 

DMSO 11une 

DMSO NaOMe 

DMSO TTC 

DPC = Diphenyl Carbonate; DEC= Diethyl Carbonate 

28 

TTC-:: Titanium Tetrachloride; PC (1-6) and PC (I-VI) prepared 

via ethylene carbonate route; PC (XVI-XVIII) -= prepared via 

2-chloroethanol route 
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TABLE II 

SJJMM/\.RY·. OF TijE .. CONDITIONS IN-.~~HE ... SYN.THES·IS· OF .POLY 

CARBONATES. AT 2:1 -AND 1:2 DIOL{CARBONATE RATIO 

Wt. Diol. Wt. ~ai;,b. 
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Name Carbonate (g) (g) Solvent Catalyst 

'} . ' I T"'T nT ~-,.. .. · n '"'"•~ ·~ ~:.,...- ' ~c1..i...i.u ....... \ v_.J..V.~/,~.n.n.u\J.1'1.C\.L.t,l ·· . . · ' ... 

PC-VII -:rite.- 1. 6-o~lo · .·,--o / 111a -DMSO none 

PC-VIII DPC t ;" '6-721 .0.8050 DMSO NaOHe 

PC-IX DPC 1. 9363 0.9322 DMSO TTC 

PC-X DEc· 1. 8236 :0 .. .:~~}846 . DMF no~~ -

PC-XI DEC I°.1831 0. 3144 D~F NaOMc 

PC-XII DEC l. 851/t: · 0. 4929 ' DMF TTC 

PC-XI-II · :.·DPC 1·-.--·8846 · . -. 3·i 6293 DHSO none 

pc.:xrv ,···npc 2·:·0278 3.9051 DMSO NaOMe 

PC,-XV DPC 2 .. 17-12 4. 1812 DMSO T·TC 

. DPC' =-- Diphe.nyl ' Car~onate_; ~·DEC = Diethyl Carbonate; 

TTC = Titanium Tetrachloride; PC (VII-XV)= prepared 

via ethylene carbonate route 
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general · procedure as tallows:"· Equimotar ratio of 

1,1'-dihydrbxyethyl- 2,2' -biimidazole (p~epa~ed via eth~lene 

carbonate . r .:>ute) and dipheny 1 .PX, 4.i~t_hy.l .... _ca.r_Qpnate .. wer.e 

weighed into a gondensat-ion test 'tube _p}u,s : catalyst at 

levels of . 6. i to O. ;f% based on weight :'.of, :j} ·;~:).::' :".",df~ydroxyethy 1 

-2~2t-biimidazole. The condensation te3t tube was fitted 

wi~;tl.: ~--- a : thermomc.ter . and a g~ass tube for the pa~_s _age_ .. of 

argon. : The . side --~~ . qj: ,thi.:· t _ub_e was connected -to_.'. -<l,: ~~ce-~v.~_1t 

was _swept freci ._of_ :air._ by P.ass_age ... or ~ ~u.r,r.~gt . of_ argon. J.'4~. 

condensation fe•sf tube with the :reaction ···mix"t "ure was: heabid 

at constant: temperature in a paraffin oil bath at 90 -~c for 

12 hours with care taken to maintain temperature below 1os~c 

to prevent;·. d~comp~s_:i ,t;·~.:i1:>. ,·g; : ::·:i;µ~t;ial . materials. I~ the .. :se.c;and. · 

st'age of° the reaction ·):li.e: ~t d"e :arm . of :}°he tube_was conriected' 

through :an intermediate -. f.lask _to -a:'· vacuum . apparatus to . 

permit heating und·e ·r · va.¢tiu'tn , (5 ~,o· mm Hg) wH:h·;.' the temperature 

oi?lhe bath ___ graciuat:ty ·, :increas.ed .to 185 ·, c. - Phenol - or ethanol 

distilled oye;r-~,~~tpi:c1Jf0·:~du.1:ing :fi~-~ first· ho~r. at 180~' 185?C 

·arid -t-h~ft ' slowly duri11g th~ . "°>.i.'exe· two hotirs . at the same 

t.er:np:~ratul:.~_-t .The ter perature of :the mixture was maintained 
; · .. . . . '. . ("' -·. ~ . : 

at this level ~ntil there was ,: tj.q . Ai.stillate . and the syr·upy. 

mass solidified into dark brown ·solid mass upon cooling to 

r69m temperature~ .·· 
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2. Synthesis of Polycarbonates I-XVIII. 

Polymerization reactions were carried out in a 

three_-neck . 0.1'.L round bottom flask fitted with a ref~t1x 

conden5er,. mechanical an argon inTe't tube, 

thermomet-er.· -and -a ·heati:ng---milntel to control the reaction 

temperature. Table I-: II summarizes the conditions of 

synthesis of p_olycnrbonat:es I-XVII I. Polycarbonates I-XV 

·were pre pa red · from monomer : sy11thes i~cd · via · ·ethyl .enc 

carb_ona_te route .~ .Wh·i-1.e po 1-y ca-rb ona t es XVI-XVIII were 

prep~ied from ~onom~r synthesized ~ia 2-chloroethanol route. 

DMSO (b.p. 189°C) and DMF ; (~.p~ 153°C) were chosen as 
"~ ... · ... 

solvents becausE:: they have a higher boiling po1.nt than the 

low molecular weight reaction products evolved ir1 the 

po lycster°i fication . p,r.oceS$ (phenol: lif2t'C.. . ethanol: . 78~C) .

Catalyst was added at levels of 0.1 to 0.2% based on weight 

of l ~-1 _:>dihydroxyethyl-2 ·, 2' -biimidazole. The system was 

gassed with argon before beginning the reaction. The 

. rea'c'tion mixture .was hcat~a 'with' continuous passage of ·argon 

at lOOcc for 12 hours with a reflux condE:nser. Then the 

condenser was turned -:: into the position for direct 

distillatio'n and the temperature was gradually raised to 

210C)Ct whil'e the ' phenol/ethanol formed was distilled off 

with the solvent. Further heating was carried out at 210 C 

for about 12 hours. The polymer was isolated (:ither bv 

precipitation with water or removal of solvent under 5.0 mm 

Hg vacuum (see Table VII ) . The polymer was dried in a 

vacuum oven at 225 nun Hg and 60°C for 1 week. 
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D. CHARACTERIZATION OF POLYCARBONATES 

-L .Solubility. 

The solubi-'lity ·o-f ' the polycarbot1ates was ·evalti'ated by 

weighing about 0.1 g of polymer material into small vials, 

and adding 1. 0 ml of different solvents to each at room 

i:emperat:ure. The solution was- vigorously stirred and 

ex.1mi11ed after 30 ntinutes ~ 

Tables VIII-IX. 

2. FourieT.Transform Infrared Spectroscopy. 

Infrared absorbance spectra as KBr pellets were 

obtained usin1r:: a . Per..k,:in-Elmer model 1?5.0 Fourier transform 

infrared spectrophotometer. Twenty scans at a resolution of 

2 cm·-1 were signal · averaged_: before Fourier transformation. 

3. Nuclear Ma~netic ResoQc!_nce .. .§Re_<;..~roscop_y. 

Proton. NMR spectra were obtained by using VARIAN E~t 360 

~uclear mag~e.ti_c resonance spectrometer at. room tt~r.1pE:rature. 

Carbon-13 solid NMR were recorded on VXR-200 aL 50 MHz using 

tetr~methylsilane as an internal standard. 

4.- Differential Scanning Calorimetry. 

DSC measurements under N2 atmosphere were conducted 

over a 25°C to S00°C temperature range using PERKIN - ELMER 

DSC-2. with a data station interface. The heating rate was 
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10°C . per min with temperature precision ±o.2°c and the 

sample weight was in the range of 5-10 mg. Temperature and 

enthalphy calibrations were done with indium and tin 

s t 'anda.rds. 

5. Thermogravimetric Analysis. 

TGA was conducted with a · PERKIN-ELMER TG/S/2 

thermogravimet.ri.c . analyzer. in a Nz ... atmosphere and at . a ._lQ·>c .. 

per min heating rate~ 

6. Gel Permeation Chromatography. 

Molecular weights of polymers prepared via ethylene 

carbonate route . we.re .JneJ\S.u,r~ .. d. ... with a-. modified high pressure 

liquid chromatog~~i>~Y · (ll!'~~J 

u-spherogel- -· { 104 angstrom pore 

system e·quipped with · 

size) . column (Beckman). 

a 

A 

range o: narrow molecular weight polystyrene samples (10200, 

34500., . 305500_1 _ and 47000.0) were µsed as calibration 

standards. ·· The elr.1t-ing· · so:lvent _. used was . DMF and flow rate 

wa·s · set at O>S ·ml/-min· at· ·room temperature. Chromatographed 

samples _were detec~ed with a . Fresnel refractive index 

·det~ct_or: (refractive index range 1.35 to 1.45 units) at a 

concentration of O. 3% w/v. Samp lcs were passed through a 

membrane filter (Nyl~n 66, 0.45 microns) before injection. 

Molecular weight-s . polymers prepared via 

2-chloroetha~ol route· · were measured on a different gel 

permeation chromatograph {Waters 6000 pump) equipped with 
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two columns (500 and 10,000 angstrom pore size) . 

Polystyrene standards (800 and 402,000) were used for 

cafibrat ion. The eluting solvent uied was tetrahydrofuran 

. (TifF} · and · flow rate w~s. set at 1. 0 ml /min at room 

temperature. ...Chroma·t·ographed samples were detected with a 

differential r~fractome~~r R401 (Wat~rs) detector at a 
• ·•• I ••' • 

concentration of 0.3% ·w/v. 
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IV. , RESULTS AND DISCUSSION 

A. THE PREPARATION OF 2,2'-BIIMIDAZOLE 

· · The ·· preparcltion of 2, 2 '-bi imidazo le - ·f.rom-: .-ammonia and 

g·lyoxal· · ·proceeded· · very·· · · ·rupid1-y .• and · without di.f ficu] ty. 

However, the yields were low.(8-13%) which can be explained 

based on · . the t1.~er.Ot.1:S s 'ide products being formed by 

competing reactions· '[ 14--] ~-

It was found that the P-~-~-~ipi.ta.te lllUSt be removed from 

the reaction . mixtur·e as soon as · .. it·· ·was fonned, othe'rwis·e 

more unwanted ·. contaminants are al lowed to form making it 

more difficult to obtain a pure biimidazole. 

Some cf the characteristics ~:f ·oJimida.zole observecl 

were its high and low solubility in HCl and water, 

respectively. 1ts low solubility can be explained in terms 

of hydrogen bonding between the pyridine nitrogen of a 

biimidazole molecule and the 'irriino hydrogen o'f anOther· .-

biimidazole molecule as shown below. However, the formation 

of HCl-Biimid~zole salt solubilizes it in water. 

n 
-H---- -a----N N-H 

~ 

-H---- -H----NA-H----NI' N-H u u 
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Such an association occurs only in a non-acidi~ ioi~~rit 

such ·_as water~ Non-associations . develop in the presence of 

·highly acidic solvents such as HCl (18]. The high melting . 

point _above 300~C . may be attributed to this type of 

association a~~e11. 

The composition- of the -.recrystallized biimidazole was 

determined by elemental analysis. : The ::·experimental results 

agree ·· within · 0 ."48% · · reliitive err.or compared·' · t ··o thE!o-retical 

values. The results are .given in Table III. 

The infrat~d spectrum ~ho~h in Figure 8 is dbmi~at~dby 

a bioad intense abscir~ti6n fiom 3200 :~~ ~-2500 cm-1 assign~d 

to hydrogen-bonded N-H stretching. 



% c 

1. N 

TABLE I:II 

ELEMENTA~ ANALYSIS OF -2,,2' - .BIIMIDAZOLE 

Theoretical . 

53.73 

4~48 

4 -L77 

Experimental 

53.77 

4.48 

41.57 ' 

% Relative Error 

0.07 

0 

0. '•8 

37 
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3 500 3.000 2000 isoo · . .1000 500 CM-1 

Figure 8. . IR Spectrum of 2, 2 • -:B:i. .imidazoh~ 
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B. THE PREPARATION OF L_l' - DIHYDROXYETHYL-2, 2' - B IIMIDAZOLE 

1. Ethylene Carbonate Route. 

Optim~m. r.~~ct_ion cc~mdj.ti_o~~ _f~r t_~e- hy.droxyethylatJon 

of 2,2'-biimidazole 
. . ... -~ 

using ethylene ca_rbon:ate as the 

hydroxyethy la ting agent were observed at 99"C and 3. 0 hr 

total reaction time .. Kl was ~hosen as .. -th~ catalyst based on 

Yoshino's observations · ..L§J ~,:-.. It \i.as , observed .. t:hs1,t.. w.J;l.e9, 

mixing was : not appropriate . .the yields were lower. Again, 

competing·· reactions forming other· products may ··lower· ... the 

yield of th~·: dihydroxy product. 'It has been reported that 

ethylene carbonate forms monoethylene glycol ether in 

hydroxyethylation reactions [20]. It is possible that for 

2~2'-Biimid~zole + 

. . 

0 
II 

·c 
.. /,. 
0 --o 
~ 

...... - ....... -. 
"-''-'-"'U.I.. • 

H O~CH2-CH2-0H 
l t ____ r:xJ . + C02 

A,_dark .. bi.own •. ·hi:_gµ-Iy.:.·_~de hydroxyethy lated biimidazole 

was. collected (60~~10Z ..... yield).. · Effective isolation of the 

dihydroxyl from unreacted ethylene carbonate was difficult 

to achieve. Purification of hydroxyethylated biimidazole 

was carried out _b,._ first treating the crude product with 

decolorizing carbon until a light yellow oily product was 

obtained. Then the reaction mixture was eluted through a 
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chromatograph column (100 cm in length and 5.0 cm in 

diameter), packed with silica (Grade 12:28-200 mesh from 

Aldrich) using solvent mixtures of methanol iwater: (55: 45) 

and acetone. Thin layer chromatograph (TLC) of the treated 

material showed the presence of a big, dark spot and a small 

light spot (Figure 9). High pressure liquid chromatog~aph 

(HPLC) of the diol in methanol/water ('t0/60) mi:HtJI:e showed 

two peaks. This indicates the presence of impurity in the 

sample. The proton NMR spectrum (Figure 10) also shows a 

chemical shift at 3. 55 ppm which .can not be accounted for. 

Table IV, column (1) summarizes · the · chemical shifts of 

Figure 10. Figure 11 represents the C-13 NMR of the impure 

hydroxyethylated biimidazole and the corresponding chemical 

shifts are listed in _ Ta_ble __ V, column ( l). ~_he ring carbons 

at position~ 2, 4 and 5 show resonances at 137.5, 127.2 and 

122.98 ppm respectively; ahd ethyl carbons at 49.21 and 

61. 09 ppm. A number of extra peaks are observed probably 

due to the J>r~sence of i~?urities in the sam~_le. Elemental 

analysis of this product is !ihown in Table VI, column (lJ. 

Sever~~:.--:~e.thods of isolation _w:ere . attemp.ted_ . to · purtf'i 

the hydroxyethyl~~ed biimidazole. Treatment of the crude 
. . ,. : . • . -~ . . . . 

product with. n-bµ_~-a~_!ll effe_ctive ly removes excess ethylene ·. . ' '"'- · .... 

-_·c~rbonate· from the sample. However, TLC, HPLC and NMR 

ana·lyses ·impurity is still present. 

Ultiace~trifu~ati~~ :and saltirig out methods failed to yield 

a pure prodti.ct ~ 



·Figure 9. 
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Thin Layer Chiomatograph of 
· l~l'-Dihydroxyethyl~2;2'-Biimidazolc 
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Figure 10 . .. H.~NJ.1R ·. ,.$p~ctr.um·.·.Of . l ~ l...'--Dihyd roxyethy1 -
2,2J·~B:i'irilidazole via Ethylene Carbonate Route 
( in DMSO-d

6
) . 



TABLE IV 

-1, lt:.:DIHYDROXYETHYL-2 ,2' -BIIMIDAZOLE 60 MHZ PROTON 

NMR SPECTRUM ANALYSIS 

Hydrogefr< · · 

a · 

b 

c 

d 

e 

( l)· 

,_.3 .. ~;_7-5 ., · 3 . 9{t) 

4 .'s:· - 4. 6 J '( t) 

5. ~(s) 

7.15(d) 

1. 45.(d) 

Ratio of a:b:c:d:e: =·- 2:2:·1~1:l· 

(2) 

3· • 7 '- 3 ~ 9 ( t ) 

4.25..;4 .. 4(t) 

4 .. 8(s) 

7.2(s) 

! .4(s.) 

Column (l)? Prepared via ethylene carbonate route 

Column (2')= Prepared via 2-chloroethanol route 

s = singlet; d = · do1-:1ble~; t ·; t -.riple~ . 

c b .. a a · b c 
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"Figure ll. X-l3 NMR Spectrum of r·,1 ':.:.o; hydroxyethy1 -

2,2'"'.'Bfjrrddazole via .Ethylene Carbo11c1te Route 
(in . Dr1SO-d G) 



Carb_on 

a 

b 

c 

d 

e 

TABLE V 

.l,l~-DIHYDROXYETHYL-2,2'-BIIMIDAZOLE 

c·~i'j "NM,R ·SPECTRUM ANALYSIS (in DMSO-d6) 

Chemic.al Shift { PPM) 

:<JJ ( 2 ,) 

, , . 

{t.i~~-2. '. 49~~2-

61':' l 61. 1 

122.9 ' 122.9 

127.2 127 3 

13]· •. 6 137 . 7 

·----------

Column (l)= Prepar~d v1.a ·\~thylerie carbonate route 

Column ( 2J =_ ,Prep_~_r _e,d yi.~_ -.2 :-:.c~lorQethano l route 

·b a :a : ti 

-CH2-CHrOH 
I 

c 

d 

45· 

. .. . ~ 
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TABLE VI 

ELEMENTAL ANALYSIS OF l,l'-DIHYDROXYETHYL-

2,2·-BIIMIDAZOLE 

Theoretical Experiment:al 

(1) (2) 

54.,04 5J ... l .2 54.00 

6.35 6.48 6.42 

l!b:40 18. 72 14. 46. 

2s·.21 22.68 25.42 

Column (1)~ Prepared via ethylene carbonate route 

Column (2 )= Prepc3:r~,d . ..v.i~ .. 2-~~~oroethanol route 
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2. 2-Chloroethanol Route. 

~h~ ·mithod wit~ 2-chloroethanol yielded a pure product. 

High pr~ssure li<Juid chromatographs (HPLC) in methanol/water 

(40/60) mi"xtur(fS. ot· the dihydroxy material ,.-show:· on·ly one 

peak. Its· compos"ition was dete·rmi:ned by e"lemental analysis. 

The experimental results agr~e within 0.221 difference 

compared to theoretical values, as shown in Table VI. colrnnn 

( 2). Figure 12 ·:ana · 1"J"" repr·e~reut the proton and C· 'i 3 NMR 

spectra of pur~ hydroxye-thylated bi imidazo le ·respectively. 

The chemical shifts for H and C-13 NMR sp~ctra are 

summarized in Table IV, column (2) and Table V, column (2) 

respectively. The ring hydrogens are assigned to singlE=t 

7. 2 . and 7. 4 ppm; ~thy 1 hydrogens are ....... . ' .: : _•· . .... ,·-:.· . :,: .. 

identified with- triplet resonances at ~3)7~J-~·;9-.->~n&.::'4.:~ 2'5.~{f ~-4 

ppm. Th~ hyd~oxyl hydro~en : shows a J:)eak :~t 4. 8 · ppm. The 

integrated NMR spectrum :· .. ~£ . . F.ig~:r-~. 12 shows a ._hr~r~gen ratio 

of 1: 1: 2: 2: 1 assigned ··to --ring,- ·~thyl and hydroxyl hydrogens · 

~esp_e~tiv~JY.~ 
. . 

12 . is . sha~per .· -~~d h~s .· higher pe~k Jl.~Jsht .. t~an _t_he . hy9r9._~y_l 

hydrogen in Figure 10, the ratios .of the integrated ~r.ea-s ·, of 

the peaks in both spectra are ~he same. The C-13 NMR 

spectrum shows . the absence ~f any impurity in the diol as 

seen in Figure 13. The infrared spectrum shown in Figure 14 

is characterized by a strong, broad band at 3283 cm 1 

ass_~gned to h~d_r?gen-bonded 0-H stretching. The rest of 
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Fi"g\.ire -· 12.. · H ~NMR i. S·pec fruin of· :J\l-~'JDfhydtoxye thy l -
. . -. __ '.,l.'r2·f .. ;Btim1da·z-0 le· ·v:ia,·2~·Chl oroethano 1 Rm,tc 

. Cin'._ tf2Q) 
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Figure 13. C-13 NMR · Spectrum ·of · L 1 •-Di hydro:<yf' li:y 1 -· 
2, 2 • -Bi imi t:!azo le via 2-Ch l ornL~ th ;! no i H•. -~; ;_ · · 
( in DMSO-d 6 ) 
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the spectrum was analyzed according to frequencies given by 

Morrison and Boyd (17] and are listed in Table VII . 

. C . . THE PREPARATION . OF POLYCARBONATES 

Table I summmariz.es the condit~6ns used -in the 

synthesis of polycarbcinates. The reactions in the 

preparation of these polycarbonates were c~rried out in -two 

ways.: .. transe'sterification .. in the melt , and in solut·±o·n~-

polymerization . . I~ is. possible to produce polycarbonates by 

.the transe.sterification in . the ri1elt. ·However, ·the high 

viscosity of the melt of the polycarbonate formed prevents 

the production of a polymer of molecular weight above 

10,000. This indicates that the use of sodium methoxide or 

titanium tetrachloride ·as ·cat·alysts 'lias . tittle effect. 

The polymerization reaction was carried out by 
- ..... ' .. 

tra.nsesterifi:cat:ion:··· in solution .to · · increase the mo lecu 1 ar 

weight ~£· '.> t ·~·~·.: polycarbonate. Pqlymerization reactions - .... .. . .. . ~. . . . 

·,_carr~ed.~ out .... with ar, equimolar :rllt1o of diol and diphenyl 

·carhonate':' using titanium ::te·trachloride as catalyst gave the 

higl}~s; ... molecular ·,1eight. .Table VIII li.sts the results 

obt~i.~E:':1 .fo_-i;· the yield and physi-cal form of the polymer and 
·- :: ,, 

method of isolation. ··· 
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TABLE '--VIi 

_l ,L' .. -::-D.IHYDROXYETHYL,~2;, 2- BI IMIDAZOLE 

INFRARED ASSIGNMENTS 

Bond Frequency ( CM .i.) 

·a:2sa: 

C-H .2943 - 2858 

c-o 1063 

c---c 1646 

· c-·N · Aroirlalt~~· . . .. . . . . :l"J6"t 

C- H Arom_a~tc : itf-:pt~ne_.: be11ding 1276, 1134, 1063 

. ~ou_t ··.: o-f .. -jflarie·,··bend;i:rig· ·.· 928; 865, 758 



TABLE VIII 

YI_ELD, PHYSICAL FORM AND METHOD OF ISOLATION 

:OF POLYCARBONATES 
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·sample:, Y:i_e-ld. ( g.) J;.hysica-l. Form ·Isolation-Method 

PC-1 0. 6 6!i0 gum none 

PC-2 0.3870 gum none 

·PC~-~ 0 .-3710" ·gum ~ione 

PC-4 0~70.7-0 gum none 

PC-.S o ~·23o'b gum none 

PC-6 0.-4360 gum none 

PC - I 2.2358 solid a 

PC-II 3 .0106 gum a 

PC-III l ,~5:-19.2 ~o-wder -.--:a 

PC-IV 1 ~ &376 ·gum · b 

PC-V i.:9802' gum b 

PC-VI l.'2634 gum 'b 

pc;.:.vrI z .. ?f:fts· gum· :a: 

PC-:VIII :. 2 .. 63]0 .solid a 
,:. I 

PC-TX 1\ :~f1io solid a. ' 
- ' .~ . ... ;,., . :- .: .. . : : · . ...... ' :, . 

PC-X l'.6388 g~m b 
. · .. • ... ·' 

. . ~ .. -...... .. :;. ' . \;... 

PC-XI 0.5910 gum b 
-· .•.;. : · ..... -.~ 

PC-XII 0.7455 gum b 
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TABLE VJII (cont.) 

Sample Yield (g) Physical Form Isolation Method 

--------------~------·-----------------·----·-·-···· 

PC-XIII 5.8172 solid a 

PC-XIV 2.2638 solid a 

PC-XV 5 .. 2907 solid a 

PC-XVI 0.7913 gum b 

Pc-xvrr· 0.962' gum b 

PC-XVIlI 0 ~ ~-~~J powder ~ 

. ... , ... -----

a Precipitated from solution using water 

as solvent an4 dried in vacuum oven for 1 week. 

b Solvent evaporated iri vacuum oven. 
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The 'observation that polycarbonates of molecular weight 

range of 7,9'•3- 17 1 782 -,for reaction· cond:ttionz where the 

diol/carbonate i:a.t;io _was .v~,:i:~c;i. . t:<>- . Z : .1 .. and, 1:2 _ indicates 

that 'the consideration of tlie.· role · of . tl{e. cata"iyst and 

possible formation o'f int'ermediate -· oligqmers. can give rise 

to polymer formation ... ,, The . follow.in&. 

interacti6ns are suggested: 

0 
II ' _____ :., 

RO-C-OR + -0-R' -OH.,----- RO-C-0-R 

RO-C'-OR -~-... --.::. 
1.c:·--."."'---·· .-

t . ' ., 
0-R' .:.oH 

l 
0-·R' -OH 

0 
II 

I 

sequence of 

·. {6) 

( 7 ) 

(8) 

(9) 

This · alcohol-carbona.~~: }·m~t. -.(I) can _now react with either a 

diol· or a carbonat·e · as shown· in equation ( 10) and ( 11). 

a 0 
II II 

RO-C-0-R' -OH + HO_;R' -OH ~::::- HO~R' -0-C-0-R' -OH .- R- OH 

II ( 10) 



0 0 
II II 

0 
II 

0 
II 
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RO-C-0-R' ··CH + RO-C-OR 
____ -:::,,. 
...... - - - - RQ-C-0-R'-0-C-OR • R-OH 

III (11) 

The chain capp~d ~ith fh~ two alcohol groups (II) can now 

conde~s~ with a molecule co~taini~g a carbonate group, while 
.. ·- .... . ·.. ; • ..... ,.. .,-.,, .·'.... . .. '.'"; 

the mclecule capped with. two. carbonate functional groups 

(III) can react with a molecule containing an alcohol 
.. ~~·:. '.· '. ·-· . ...... 

. ,·-·: .. · .... ':-'., 
functional ~1:?U?- ~ cl:~-= ~-~1\~:~~-:;·4_1_ ,q_ua.t ion ( 12) . 

9. P~ 
II t . · ]/f. -,.. ,.·.. · . 

RO-C-0-R -o .. c-0-R ·--OR. + 

.0,., . - ' . _. It . 

HO-R' - 0- C - 0 - R ' - OH~----_-~-_ 

0 0 0 
II II II 

HO-R' -.0-C~,0~.R.' ~o.'.'.'.' .. c-o-,R' :-0-C-0-R + R-OH ( 12) 

This continues·through ~the monomer -matrix wherever molecul~s 

-- c 
VJ... 

activation and_ corx_-.ec~ .. g~ollle.tr:y collide. The net n":su1 t ·is 

the formation) , o'f· >dime:·r, tritrter, tr-!t ram-=- r, etc. and 

eventually a p·olyiner~ 
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D •. ·CijARlfCTERIZATION ·OF POLYCARBONATES 

Po iycarbonat:es obbt!ned ei'th'er·'· ·'by· · transesterificat i. on 

in .the -· melY or by ' polycc>tt:densation in solution ·in··· ·any : ratio 

without catalyst were soluble in most commonly employed 

so·lvents>: ( as· sho\.ln in Appenaices :' A and B) .· ,S;imila.r.: results 

were. observed .for. : palycarbonates ···cmt.ained f?y· 'ff~:i:ng . ~His:ic 

·This '. ;'·itjdi'cates · that .. . ,the po.ly_mer-s. are 

linear and "that;: :th~re is no · .cros·~·--1inking in the · ,lj:ackbone. 

On the other hand, ·polycarbonates obtained by using titanium 

tetrachloride showed fittie or no solubility in most 

solvents. rhis .g?,l!~d indicate . some ~_egree of crystallinity 

· and/or cross-linking in . !,:lle_: :polymers P;O:ss;p.ly· from titanium 

incorpor·atio11. Crista:lT!nitt leads to . high physical 

strength .and inc~ea.$,'e.4: _sdivent_,··. :and/-:·chemica·r resistance. 

2. J.)1.fra·red Meet fa. 

F~gures : ~-J5 . -~hr~.u~b.._ 2:1 ·show . 'the infrared absorpt.ion 

·spectra ·o·f · a· .s:e~~:s ·o'f p=cf~·ye:arbonates. The gum and viscous 

liquid ··.s-amples:- ·,,were atJa~y.zed as -films on AgCl eel ls, the 

solid on KBr pellets. A ·riumhe.r of characteristic bands 

reoccur in the infrared spectra of all the polycarbonates 

assigned as shown i£1 Table IX. The o.bserved decreased in 

intensity of strong 0-H absoption band from 3114-3315 cm-1 
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Figure 18~ ,, IR Sp"ec't'ra of PC-IV, PC-V- and PC-VI 
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TABLE IX 

INFRARED ASSIGNMENTS OF POLYCARBONATES 

Bond 

0-H 

C-H 

.0 
!' 

-c 
\. 

0 

C ·· O 

c ... c 

C-N Aromatic 

C-H Aromatic in plane bending 

out of plane bending 

Frequency ( CM-1 ) 

3 3 l 5 ·- 3 1111 

2953 - 2861 

1718 - 1663 

1068 .. 1061 

1671 

1357 

1136 

16'+ 6 

l 3ft0 

11. J .3 

1276 - 1280 

769 - 757 

86 7 - [D' 2 

------------------------·· ···--·········- ·-·- · - · ... · --·· -· ······--
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for samples where dipheny 1 c.arbonate was used as initial 

carbonate is interpreted to indicate that diphenyl carbonat:e 

is more reactive than diethyl carbonate. The rest of the 

spectrum was. analyzed according to frequencies .given by 

3. NMR. 

The proton Nl"m. spe~tra of po-1,carbonate·s pr~pared by 

the reaction of f~l'-dihydroxyethyl·-2.2'-bi_imidazole and 

carbonate _in. ~ _l ,_:_:.l=,: 2 .. : .. 1 .,. a.~d . -1:2 diol ·.t;._o ·c_c,t~P.~l)_at,e -- ra·~-i :Q. 

were . obtained ~-~4~~g· ·cfe:t1t'er3:~"ed :_ ·. tfcetic . acid as solvent 

(Figures 22-24). · T_he <--p.roton :absorptions are summarized in 

Tables X. ~·ccoi~~fing .to· t.he p.rop_os,ed.~_.str~cture for 1: 1, 2: 1, 

and 1: 2 dio.l t:O ca~f:?.O~,~-~ -;.r~~-~t:l.ng ratios to fcnn polymE:I"S . 
. ~ ·. ' ;.• . 

labels have been ·-.to· the different proton 

env-i ronment·s · as shown ih Figure 2 5 - 2 7 . . There seems to be a 

trend· · irt· · tn'E( spectra obtained for polymers prepared where 
. . , : . 
. - . : . : ~ 

the .ratio . o -f -. dial to carbonate was van.ed from 1; l to 2.: 1 

·and·' .. l:02'> ·_z}t:fi~ spectra ·obtained for pol y rn(~ :- :·, PC-V and · PC.:..VI 

. ·where· ., fne ··rat"i'o· . o'f d'fo1 to carbonate is 1: 1, have close 

similarity-.-~---_:.: The : ·-ri ng '. ::-hydrogens · are assigned to 7 .I-. and 7. 5 

ppm; ._ .· e_thyl , -.~Yd~oge_~S .. ::ar_e :identified with peaks at 3. 8 and 

4 ~ 3 ppm. The · iritegrafeci .spectra gives a hydrogen ratio of 

1:1:2:2 assigned to ring and ethyl hydrogen:.; r·espect~vcly. 

The peak appearing· at 2. 7 ppm is due to the solvent ( OMF). 

All these spectra show broad peaks probably due to the high 
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TABLE X 

Sl~1MARY OF PROTON~ ABSORPTIONS OF POLYCARBONATES 

Chemical Shift {PPM) 

a b c d 

PC-V . . 3.8'5 . 4.3 7.4 7.5 

pc:..vr ':. :L:9: .-_· .. ~~-·) . .1.,..4. . .J_.55 
.. .. . ·"! ; • •• 

. . 

PC-VII 3-.65· 4.3 6.9 7.2 

PC-X 3.8 4.4 7.4 7.5 

PC-XII 3.5 4.2 6.8 7.2 

PC-XIII 3.6 5.2 ·7. 0 7.0 
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OH 

Figure 27-· Pro-;osed Structure for 2: 1 Diol :Carbonate ,Ratio 



viscosity of the polymer solution. The spectra of PC-VII, 

PC-X and PC-XII prepc.red using a ratio of 2: l diol to 

carp~>nate _also hav_e . close similarity. Several extra peaks 

are . ~bserved .. in . a'1i .. th~se . spectra dde to the solvent and 

impurit~es. Impurfties t'hat: could . be .present are phenol and 

ethanol (by. _-__ product~)., . . d.~_etlJ.yl carbonate (reactant) and 

water (use for precipitation). The spectra of PC-XIII has 

poo_i( resolution due. ,.to . the presence of lot of impurities. 

Figure 28 shchis ·-·~t -- c~t3 · :-NM1Csjiectrum of PC-III using VXR-200 

at 50 MHz. T.~~r<l:~A~-~-1?:Yl,)~i~ane (TMS) was ::4-~~~ a_~ .~tand~~cl_ .. 

The carbony\· ··:·car.~~if'·:,_ ~~-f:·: itleriti!i~-1 at 153. 4 ppm. The 

aromatic carbons - abs-orb · at · 137. 5, 129. 0 and 116. 5 ppm and 

the aliphatic carbons at 30.4 and 15.2 ppm. The proton NMR 

spectrum of the THF- soluble polymer (PC-I) is shown in 

Figure 29 using DMSO- -d6 . as ---solvent. The spectrum was ran on 

a lOOMHz JEOL FX-100 NMR instrument. 

4. ·,J)SC-~! -

Figure,"' .30 __ · sh9w_~ . qo .-.. ~b:ii.ious .glass . transit ion and me 1 ting 

temperat.ur_e, · in , .samples . PC- I, III, IX, and XV. While Figure 
. . -· . . 

31 shows a broad melt~ng range for samples PC-II, VIII, and 

XIV us{ng -~aO~e ~~ ~~i~iyst. No w~11-d~finP.d melting poirit 

indicates a low degree of crystallization. Somewhere above 

the second-order transitio3 temperature they begin to soften 

and their transition from the solid to the 1 iquid state 

occurs at 280- 330°C. It is quite difficult to pinpoint the 

exact moment of transition from solid to liquid by any one 
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of··t:he · co.nveritforial ·methods for melting point determinacion. 

_This is-because the melt viscosity of the polycarbonates is 
· • • · • , · '.. ~ I a .• , • ~ . ::- ; • 

extremeiy· ·hi.gh · in· th~ vicinity of the melting_ point. The 

in all the DSC 

. measurements· 1)1 .: a·. \ furtc"t:ion ·.of . . the . . instrument. This was 
' -··· . 

run under the same temperature 

range ("Figure 31). ·. 

· Th:e· . resuit!f"!-:o·f":'.TGA-" ;ffrn'J y s+·~ · :i-~~ l{~,~r(-'h\''· T~b'r~ ,.·if .·-~ rid .. 

Figure 32. The=:·:_p§l'ymers ·. ·h~ate<::i" at a rate of 10 ·c per min 

undergo less th~ri 9% ;decomposition below 200 -c. 

. ., 
6. Molecu·la-r·,We,-f·ght ~-

Mole¢ulj~~- ~weight.$· .. ,,,of . po_lymers (-prepared via ethylene 

ca:r~oi:i~te.-·· routeJ_;,:,·ar_e :.: _ _;:rep9rted:· .-· in- Table XII. There is a 

s ·ignifi·c~i\t incr.e'a ·:;e 'i.i'n t_he. mo~_ecuiar ~~ights when react~ons 
. . . ~·· - ·-. ·• 

Hi--g~-x: . .- ·111olecular · ,weights were obtained · when 

. ·diph~riyt· .. c~h·b~ri~t~ .. ·w.~s-:·use~ ~~ ~q~?,red to di.ethyl carbonate. 

-This indicates .-that transesterification of the 
... ·· .. · · .. : · -1,t. · 

·hydroxyet-hylated·- diol·· wit-h d±ethyl carbonate is relatively 

slow compared to diphenyl carbonate, t~ven at high 

temperature (210°C) in the presence of catalysts. The 



TABLE XI 

TGA.ANALYSIS OF POLYCARBONATES 

Polymer Temperatui;e~) / % Weight loss 

150 200 250 300 350 400 450 475 

PC·:<1-. 0_..5.%: .. 3 .. . 0% 10%. ZJ:% .. ·._ 30% 34% l8% 

PC-II o. 4cz-,.,:2 ~4% · . ···8% 22% · .- ·· 28%. 32% 35% 

PC-III 1.4% '4. 6% 14% 18% 24% 28% 34% 

PC-IV 2. 7% 8. 5'Z 14% 17% 22% 25% )1% 

Note: % Weight loss were me.a.sured ·by heating samples 

at· . a ·rate of 10-~C/mi~~ ·: 

40%-

37% 

38% 

34'X> 
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TABLE XII 

MOLECULAR WEIGHT DISTRIBUTION OF POLYCARBONATES 

Polymer(a) 

PC-1 

PC~2 . . 

PC-) 

PC-4 

PC-5 

PC-6 

PC-I 

PC-11 

PC-III 

J.>C-.IV 

PC-V 

PC-VI 

PC-VII 

PC-VIII 

PC-IX 

PC-X 

PC-XI 

PC-XII 

Distance ( cm) · . Peak Molecular We:i ght 

( xlO 
3 

) 

> 12 < 10.0 

~ .u <. 10 ._o 

> 12: . ... : 10.0 

> 12 < 10.0 

> 12 < 10.0 

> 12 - 10.0 

· 10.2 13.3 

10.3 11. ') 

9~5 26.6 

10.4 10.6 

10.5 1.0. (J 

10.6 S. 9·:.-

9.8 17.8 

10.2 13.3 

10.0 16.6 

10.6 8. 9-.·. 

10.55 9. 4-:: 

10.7 7.9* 
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TABLE XII (cont.) 

Poiy~er(a) - Di~ta~ce ._( cm) 

PC-XIII 10.2 

PC-XIV 10. ·3 

·p·c~xv .lO,.~·•S 

Peak Molecular Weight 
. 3 

{xlO ) 

13.J 

11. 9 

10.0 

a: Dial prepared . via ethylc_ne_ carbonat.e route 

~- Extrapolat~d.-Vi°Iue·. 

Note: The reported -molecular weights are relative to 

Polystyrene standards. 
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highest molecular weight of 26,600 was obtained with the 

followi~g reaction conditions: a 1:1 diol to diphenyl 

carbo.nate. raJ:.:i~, Ti:Gl_4 a_s catalyst and DMSO as solvent. 

C.ompar-i son of. f1che tnol.eeula r·- - wei-ghts of · , polymers 

obtained where the diol was. prepared via e-thylene cal'l)Onate 

route -as "toaipare'd , t'o~Jha.t pr~p~red via 2-chloroethanol route 

the po:l,ymers · PC- (I, II', III) were 

prepared .,fr-Om'..\ .:a:-< d-i'°·l,.-':·cont'a'in'ing -· ·s·ome >-·-impuri·t'i.es·. . Whi:te· 
. • .· • .. · .·, 'r-··t '-. . . , _,, · . · . . ., . . _.. .... . . . . , • 

PC- ( XVI ,XV,II ,~VJ:t-~).:,·; ,Were_. :·:-Rf~pared :.from: a Pl!?:e. dioL. Th~ 

molecular' \.ielghts ·pf: the:· po'l:yrners' prepared wit:ho"ut catalyst . 

(PC-I and PC-XVI) ·and· -·that ·prepared with NaOMe as catalyst 

(PC-I I 2.nd PC-XVII) were observed to be approximately the 

s a.me. This suggest·s that impurity in the monomer ( di o 1) 

represents ~·'very sma1:r ·,fr~d:ton of the 'dro1 composition an·d 
. . . 

that it apparent.Ly . ·has: : : a .. -. . minimum effect on the 

polymerization· pro·c-ess :~. qio~ever, · there is an increase in 

the molecular weight·. ~l· P~.~·xv111 as compared to PC-111. The 

·observea:· .. increas·e··· '-iii" ·i:l1e,,./niol'e'cu1ar :·wEd .. ght -of PC~ XVIII is 

probably due · fo incre<1sed efficiency of TiCl4 catalyst 1.n 

polymer synt~esis .. using a pure monomer ( dio l). 



TABLE XIII 

.MOLECULAR WEIGHT COMPARISON OF POLYCARBONATES 

Polyme·r 

Pc~xvr 

PC-II 

PC-XVII 

PC-III 

PC-XVIII 

·_11tj·· 

tx1u<3;) 

.1-0:~~;9· 

·¥1~(4; 

10.2 

11.0 

23,~2 

35.5 

Mw 

1·1-::a

i2·~:4 

11.4 

11.8 

·ifSAf 

38·. ,3 

·. -... ,.· :. 

. Peak Molecular 

12.1 

rz. 6 

11. 5 

11. 9 

25.8 

37.6 

. ,:_i 
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PC- (I, II, III}: Diol pr·ei>ti:~ed via ethylerie carbonate route 

P(;·-.(xyf ;-~yt~JX¥;tt~J.i.;-.,.)'l'.~.?}/~pr:e·p:ar~d · via 2 · chloroethanol route 

Mn: Numbe~ .;av:e.:r.age; ... molecular · weight 

Hw: Weight. ave_17~1.'g~ -· n1olecular weight 
.• •. ·. : . • •· · .. 1 _ • . :. . .• • . . 

Note: The reported .mole~ular weights are relative to 

Polystyrene s .tandards. 
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V.· CONCLUSION 

Linear .-polyca.rbonates cao be synthesiz~d by the acid or 

'.'f~knses t'e~i f icat ion : reaction of 
. - .. . . ",: ... : : . ;. . . . ~ . : . , ) ~ . . 

carbonates. Solution.,p.oly.meri:za.t:ipns _ cc.n.·x:ied. out ; iq DMSO or 

DMF promote a . higher ·. mol.ecular< ~weigh~t 
. . . ·. . · . . . than the reactions 

without . sCl}vent -. · A .pur.e:-.mo'rioJric~{~fdio1;) ., :_is . obtained by using 

2- c hlor-0c thanol--,-~as:.:;:,t_~l;f..l).y.d~~"{y,'¢t;hyJ.atirig~.agent . . .Tb~re ·.is. no ., 

significant _d _i,.£:f~_~_ert_~~~J-.n ·;~th~,~-nl~l¢~~la~ we_ights obtained for 

po 1 ymers . wh·ere --:·the~~:n;i_~·nqtn~r:;_: (:d"i.~1-Y ~-i-ia~t pCire -~a ·s coin'pa r "ed •to 

the polymers where the monomer contains impurities. This is 

observed only for polymers which are s y n t he s i :: e d by 

non-catalyzed and base-catalyzed (NaOMe) reactions. Hc,w~ver . 

there is a signific~rit··.·fn'creits~~~~ri:'·the · molecular weight of 

the polymer prepared by usirig : a p~re diol as compared to the 

polymer prepared by using , an · ·· impure diol where titanium 

tetrachloride is used .. as . ~atalys~- The polymers obtained 

both· --in . the- 'pres·.S:ri'cti~_;~~id·l~in·'.~~t:.he,~ ahs~nCC!'' of .. NaOMe catalyst 
::.-. ·. -~ ,, .. :.: :;_ ;'-··. >1 ;:..'<_ ;.~ ~:_~. · __ · .: _:;·:. . . 

were soluble in m·ost · commonly employed solvents. This 
. - .... -· .. .. . · .. .: . . , \ . .. . . 

indicates that the polymers are· linear and no cross - :HtkinG 

.. . .. . ··-

in the backbone. DSC results showed a broad r.1e l t i.ng range 

(280- 330°C) indicating ·low degree of crystallinir.y. TGA 

re su 1 ts showed that the polymers undergo 1 es s r ha n ~f:r 

decomposition below 200 :c. Because of the well known i:ieta l 

binding ability of the biimidazole functionality, i. L ~ 

evaluation as an electrically conductive polymer has hi.gh 

priority in the future. Also, synthesis of copolycarbonates 
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of . l,l'-dihydroxyethyl-2,2'-biimidazole and other 2,romatic 

compounds·. such · as bisphenol A or aliphatic dihydroxy 

comp,o_un¢,s . s;l'iould b~ invest;ig~ted. 

to .. know;, , ,>as-: .a ,- ~.~ontinuat i-0n -- o ·f - this · work~- . whe-t hf? r -t>i-t -nnium 

has been incorporated '. into---those . polymers .prepared by using 

titanium tetrich16ride is catalyst . 
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APPENDIX A 

. _ SOLUBILITY OF .POLYCARBONATES IN t1ETHANOL, METHYLENE 

CHLORIDE~ THF AND DMF 

Solvent Methanol Methylene Tiff UMF 

Chlor_ide 

---------,..,---.-.. -.---. ....... ---------------------

l?.~-:: i .. :.:: SS :& ~$.- ·.S ::. 

PC-2 s SS SS s 

PC - 3 ·s· SS I s 

PC--1+ s I I s 

PC-5 ·s- ·. s_s I s 

PC-6 $ · . I I s 

PC-I I s SS s 

PC-II .I s· SS s 

P_C-III .1 . SS SS s 

PC-IV ·:s· s s s 

Pc-v · s s s s 

PC-VI SS s l s 

PC-VII SS s s s 

PC-VIII I s s s 

PC-IX I ;s 1 s 

PC-X s s s s 

PC-XI s s s s 

PC-XII SS s l (• 
~> 



Solvent Methanol Methylene Tiff DMF 

Chloride 

PC-XIII I s SS !.' 

PC-XIV I I SS ~~ 

PC-XV I I l s C' ..> 

PC-XVJ: I . SS SS SS 

PC-XVII I SS SS SS 

PC-XVIII I I SS •• <' ,., .. > 

I Insoluble 

s soTuble 

SS slighly soluble 



APPENDIX B 

SqLUl}l~ITX .-OF :POLYCARBONATE_S IN DMSO, ACETIC ACID AND 

CHLOROFORM 

. Solvent . _.-D~SO. . '-Ac:eJ: ic ,,acid Chloroform 

PC-1 s SS s 

PC:-.Z.-. s~ s SS 

PC-3 s s-s· SS 

PC-4 SS I I 

PC-5 s s I 

PC-6 I. ._s·s I 

PC-I s s s 

PC-II · S s s 

PC-III ss ·I I 

rc~-1.v .s s s 

·· ft-:-vo:: · :·s: s s 

rc;:;vr ··s s ... -..:.> 

... 

PC-VII. ·.s s s 

P.C-VIII s .. s s 

PC-IX s s s 

PC-X s s s 

PC-XI s s s 

PC-XII s s s 
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Solvent 

.PC-XIII 

PC-XIV 

Pc~xv 
· PC-..;·XV::fo 

DMSO 

s 

I 

·.·,.r 

PC~XVII ~:· ·.' 

Pc-xvi1:i : . . .-._ .'. · .. ·· s·s 

Acetic acid Chloroform 

· I s 

I I 

I 

· ss· 

s SS 

I I 

-----------------· --------- --- ---- ·-··----·--···-·- ------

I Insoluble 

s soluble 

· !fs .... ··=· ··:·:i~i··gli Iy· ·so 1 u b le 

96 


	The synthesis and characterization of polycarbonates based on 1,1'-dihydroxyethyl-2,2'-biimidazole
	Recommended Citation

	Garces_Judith_1987_001
	Garces_Judith_1987_002
	Garces_Judith_1987_003
	Garces_Judith_1987_004
	Garces_Judith_1987_005
	Garces_Judith_1987_006
	Garces_Judith_1987_007
	Garces_Judith_1987_008
	Garces_Judith_1987_009
	Garces_Judith_1987_010
	Garces_Judith_1987_011
	Garces_Judith_1987_012
	Garces_Judith_1987_013
	Garces_Judith_1987_014
	Garces_Judith_1987_015
	Garces_Judith_1987_016
	Garces_Judith_1987_017
	Garces_Judith_1987_018
	Garces_Judith_1987_019
	Garces_Judith_1987_020
	Garces_Judith_1987_021
	Garces_Judith_1987_022
	Garces_Judith_1987_023
	Garces_Judith_1987_024
	Garces_Judith_1987_025
	Garces_Judith_1987_026
	Garces_Judith_1987_027
	Garces_Judith_1987_028
	Garces_Judith_1987_029
	Garces_Judith_1987_030
	Garces_Judith_1987_031
	Garces_Judith_1987_032
	Garces_Judith_1987_033
	Garces_Judith_1987_034
	Garces_Judith_1987_035
	Garces_Judith_1987_036
	Garces_Judith_1987_037
	Garces_Judith_1987_038
	Garces_Judith_1987_039
	Garces_Judith_1987_040
	Garces_Judith_1987_041
	Garces_Judith_1987_042
	Garces_Judith_1987_043
	Garces_Judith_1987_044
	Garces_Judith_1987_045
	Garces_Judith_1987_046
	Garces_Judith_1987_047
	Garces_Judith_1987_048
	Garces_Judith_1987_049
	Garces_Judith_1987_050
	Garces_Judith_1987_051
	Garces_Judith_1987_052
	Garces_Judith_1987_053
	Garces_Judith_1987_054
	Garces_Judith_1987_055
	Garces_Judith_1987_056
	Garces_Judith_1987_057
	Garces_Judith_1987_058
	Garces_Judith_1987_059
	Garces_Judith_1987_060
	Garces_Judith_1987_061
	Garces_Judith_1987_062
	Garces_Judith_1987_063
	Garces_Judith_1987_064
	Garces_Judith_1987_065
	Garces_Judith_1987_066
	Garces_Judith_1987_067
	Garces_Judith_1987_068
	Garces_Judith_1987_069
	Garces_Judith_1987_070
	Garces_Judith_1987_071
	Garces_Judith_1987_072
	Garces_Judith_1987_073
	Garces_Judith_1987_074
	Garces_Judith_1987_075
	Garces_Judith_1987_076
	Garces_Judith_1987_077
	Garces_Judith_1987_078
	Garces_Judith_1987_079
	Garces_Judith_1987_080
	Garces_Judith_1987_081
	Garces_Judith_1987_082
	Garces_Judith_1987_083
	Garces_Judith_1987_084
	Garces_Judith_1987_085
	Garces_Judith_1987_086
	Garces_Judith_1987_087
	Garces_Judith_1987_088
	Garces_Judith_1987_089
	Garces_Judith_1987_090
	Garces_Judith_1987_091
	Garces_Judith_1987_092
	Garces_Judith_1987_093
	Garces_Judith_1987_094
	Garces_Judith_1987_095
	Garces_Judith_1987_096
	Garces_Judith_1987_097
	Garces_Judith_1987_098
	Garces_Judith_1987_099
	Garces_Judith_1987_100
	Garces_Judith_1987_101
	Garces_Judith_1987_102
	Garces_Judith_1987_103
	Garces_Judith_1987_104
	Garces_Judith_1987_105

