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OZET

Bu calismada, 0-vanilin ile 2,3-diaminopridin ve p-fenilendiaminin kondenzasyon
reaksiyonundan Schiff bazlar1 elde edildi. Sentezlenen monomerler NaOCl, H,O, ve hava
oksijeni ile bazik ortamda polimerlerine doniistiiriildii. Prosesin temel degerleri ve optimum
reaksiyon kosullari belirlendi. Sentezlenmis iiriinlerin yapilar1 element analizi, FT-IR, 'H-
NMR, “C-NMR ve UV-vis spektrumlarindaki verilerinden faydalanarak belirlendi. 'H-
PC-NMR verilerine gore; polimerizasyon, monomerlerin -OH gruplarina gore, para ve
oksifenilen konumlarindan gerceklesmektedir. Biiyiiklilkkce ayirma kromatografisine
(SEC) gore, PHMPMDAP’in sayica ortalama molekiil agirligi (M,), agirlik¢a ortalama
molekiil agirligit (My) ve heterojenlik indeksi degerleri hava oksijeni, NaOCl ve H,0O;
yiikseltgenlerine gére sirast ile 6200, 4100 ve 5400 g mol”, 6900, 16200 ve 7700 g mol™
ve 1,113, 3,951, 1,426 olarak hesaplandi. SEC analizlerine gére, OPBNMBMP’in sayica
ortalama molekil agirhigr (M,), agirlikca ortalama molekiil agirligi (My) ve heterojenlik
indeksi degerleri NaOCl ve hava oksijeni oksidantlariyla elde edilen iiriinler agisindan
sirast ile 1300 g mol”, 1500 g mol™: 1900, 1500 g mol” ve 1.267 ve 1,154 olarak
hesaplandi. Ayrica, DTA ve TG analizleri sentezlenen polimer ve oligomerin
monomerlerine gore termal bozunmaya karst daha dayanikli oldugunu gosterdi.
Polimerlerin dort nokta prob teknigi ile iletkenlik 6zellikleri incelendi. Monomer, polimer
ve polimer-metal komplekslerinin baz1 secilmis bakterilere kars1 anti-mikrobial aktiviteleri
belirlendi.
Ayrica sentezlenen PHMPMDARP bilesigi gidalarda nikel iyonunun spektrofotometrik
olarak tayini i¢in yeni bir ligand olarak denendi ve elde edilen c¢alisma sonuclari

degerlendirildi.

Anahtar Soézciikler: Oksidatif polikondenzasyon, Schiff bazi oligomer, anti-mikrobial

aktivite, yar1 iletkenlik, termal kararlilik



ABSTRACT
In this study, Schiff bases were obtained from the condensation reaction of 2,3-
diaminopyridine and p-phenylendiamine with 0-vanillin. Then, oxidative polycondensation
reaction conditions of monomers with air oxygen, H,O, and NaOCl were examined in
alkaline aqueous media and Optimum reaction conditions and the main parameters of the
process were determined. Some metal complexes of polymers were synthesized. The
structures of the all products were determined by element analysis, FT-IR, '"H-NMR, "*C-
NMR and UV-vis spectra. The 'H-">C-NMR data showed that the polymerization proceeded
with C-C and C-O-C coupling system of para positions and oxyphenylene according to —OH
group of monomers. According to the size exclusion chromatography (SEC) analyses of
PHMPMDAP, the number average molecular weight (M,), weight average molecular weight
(M) and polydispersity index (PDI) values were found to be 6200, 4100 and 5400 g mol™;
6900, 16200 and 7700 g mol™'; 1,113; 3.951 and 1.426 by using air O,, NaOCI and H,0O,
oxidants, respectively. According to SEC measurements of OPBNMBMP the number average
molecular weight (M,), weight average molecular weight (My,) and polydispersity index
(PDI) values were found to be 1500, 1300 gmol'1 ; 1900, 1500 and 1.267, 1.157 by using air
O, and NaOCl oxidants, respectively. Also, DTA and TG analyses were shown to be stable of
polymer and oligomer than that of monomers against thermal decomposition.
Semiconductivity properties of oligophenols were examined by four-point prob technique.
Also, antimicrobial activities of the compounds were tested against some microorganisms.
PHMPMDAP compound were used as a ligand for determination of nickel ions in food stuff

by a spectrophotometric method.

Keywords: Oxidative polycondensation, Schiff Base oligomer, antimicrobial activity, semi-

conductivity, thermal stability.
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1.GIRIS

Polimerler; hafif, ucuz, mekanik 6zellikleri ¢ogu kez yeterli, kolay sekillendirilebilen,
degisik amaglarda kullanima uygun, dekoratif, kimyasal agidan inert ve korozyona ugramayan
maddelerdir. Bu {stiin 6zelliklerinden dolay1 yalnmiz kimyacilarin degil; makine, kimya,
tekstil, endiistri ve fizik miihendisligi gibi alanlarinda c¢alisanlarin da ilgisini ¢eken
materyallerdir. Tip, biyokimya, biyofizik ve molekiiler biyoloji agisindan da polimerlerin
onemi biiyiiktiir. Bu degerlendirmeler 15181nda polimer kimyasi, kimya yaninda yukarida sozii

edilen ¢ogu bilim alanim1 kapsayan ayri bir bilim disiplini olarak goziikmektedir (Sagak

2002).

Reaktif (reaksiyona giren) polimer ve oligomerlerin sentezi ve kullanimi, polimer
kimyasinin gelismesinin en énemli nedenlerinden biridir. Bu tiir polimerlerden biri olan poli
ve oligofenoller ve onlarin Schiff bazi siibstitiientli iirlinleri birgok sanayi ve teknik alanlarda
genis ¢apl kullanilmaktadir. Polifenoller baslica uzay ve ucak sanayinde, makine yapimi ve
roket tekniklerinde, -elektroteknik, radyoteknik ve elektronigin gelismesi alanlarinda
kullanildig1 gibi, baglayici, tutkal, boya, cam, grafit ve polimer plastiklere karsi da
kullanilmalar1 miimkiindiir. Poli ve oligofenollerin ve bunlarin Schiff bazi siibstitiientli
iriinlerinin, plazmaya, gama isinlarina, radyasyona ve daha yiiksek sicakliga dayaniklilik,
antistatik vb. gibi ozellikleri onlar1 endiistride kullanigh hale getirmistir. Bu yonde 1960’11
yillardan itibaren yiiriitiilen diizenli ve temel arastirmalar konjuge bagli oligo ve polifenoller
ile onlarin c¢esitli tiirevlerinin sentezlenmesine, sentez yontemlerinin ve teknolojisinin
hazirlanmasi1 ve genis alanda uygulanmasina neden olmustur (Berlin ve Rahimov 1962).

Poli ve oligofenollerin azometin (-HC=N-) gruplar1 igeren iiyelerinin katalizor,
kompleks olusturucu ve antimikrobiyal gibi énemli niteliklere sahip olduklar1 giliniimiizde
bilinmektedir. Schiff baz: siibstitiientli oligofenoller ve onlarin tiirevleri; etkin katalizorler,
yari-iletkenler, sicaklifa dayanikli bilesikler ve yeni metal-polimer komplekslerinin eldesi
gibi, bircok bilimsel ve teknik problemlerin ¢oziimiinde uygun maddeler olarak
kullanilmaktadir.

Bunlar dikkate alindiginda bu ¢alismanin amaglarin1 agagidaki gibi siralayabiliriz.
1. Yapisinda azometin gruplarit bulunduran bazi oligofenollerin hava oksijeni,
sodyum hipoklorit ve hidrojen peroksit varliginda oksidatif polikondenzasyon reaksiyonu ile

sentez sartlarinin belirlenmesi,



2. Sentezlenen bu polimerlerin ¢oziiniirliik, termal kararlilik, iletkenlik, optik ve

elektrkimyasal 6zelliklerinin incelenmesi.

1.1. OKSIDATIF POLIKONDENZASYON REAKSiYONU VE SCHIFF BAZI
SUBSTITUENTLI OLIGOFENOLLER
1.1.1. Schiff Bazi Polimerleri

Azometin gruplarinin (-HC=N-) kimyasal aktifliginin yiiksek olmasindan dolay1, ana ve
yan zincirde bu gruplar1 igeren polimerler kimyacilarin ilgisini ¢ekmektedir. Bu ¢esit
polimerler, metallerle kompleks olusturmalarindan dolay1 polimer selatlarin elde edilmesinde
onemlidir (Marvel, 1958; Patel, 1986; Kaya, 2002).

Kassem ve calisma grubunun yaptiklart calismada, kiikiirt tasiyan Schiff bazi
polimerlerinin termal kararliliklarinin Schiff bazinin yapisina bagli oldugunu belirtmisler.
Aromatikligin, konjugasyonun ve giiclii polar gruplarin artisiyla termal kararliligin da dogru
orantili olarak artti§1 sonucuna varmislardir (Kassem, 1992).

Sain Schiff baz1 Cu(Il) kompleksi varliginda 2-naftoliin binaftole doniisiimii i¢in oksidatif
coupling yontemi gelistirmistir (Sain , 2004).

Ayrica Sain ve c¢alisma grubu bir baska caligmada ikincil alkollerin ketonlara
yukseltgenmesi icin kobalt (II) Schiff baz1 katalizorlii aerobik oksidasyon yontemi
gelistirmislerdir (Sain, 2004).

Xiaochang Li ve ¢aligma grubu dialdehit ve diamin gruplar iceren poli Schiff bazlar

sentezlemislerdir ve sentezlenen Schiff bazlarinin elektriksel iletkenliklerini hesaplamislardir.
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Schiff bazi polimerlerinin iletkenligin Olgiilmesi islemi iyot ile doping ydntemi ile
gergeklestirilmistir. Doping islemi uygulandiktan sonra polimerlerin iletkenliginin 10’-10° kat
arasinda arttig1 goriilmiistiir (Xiaochang Li, 1993).

Li ve ¢aligma grubu tarafindan yapilan ¢aligmada, FeSOy ile olusan Schiff bazi polimer
komplekslerinin  ferromanyetik 6zellikleri arastinlmis ve oda sicakliginda yiiksek
ferromanyetiklik gosterdigi bulunmustur (Li,1994).

Yudkin ve ¢alisma grubunun yapmis oldugu bir ¢alismada 2,6-dimetilfenol’lin oksidatif

polikondenzasyonu iizerinde ¢dziiciiniin etkisi arastirtlmistir (Yudkin, 1975).



Aly ve calisma grubu 2,5-bis(m-aminabenziliden)siklo pentanon, 2,6-bis(m-
aminobenziliden) siklo hekzanon, 2,6-bis(p-aminobenziliden) siklo hekzanon, ve 2,6-bis(m-
aminostiril)pridin diamin bilesiklerinin teraftaldehit ile polikondenzasyon sonucu yeni ve
konjuge sisteme sahip poliazometinler sentezlemisler ve bu konjuge poliazometinlerin
iletkenlik 6zelliklerini incelemislerdir (Aly, 2000).

Catanescu ve c¢alisma grubu, aktif hidroksi grubu tasiyan yeni alifatik-aromatik poli
Schiff bazi sentezlemisler bu poli schiff bazlarimin termal o6zelliklerini incelemislerdir
(Catanescu, 2001). Bir diger ¢alisma Diaz ve ¢alisma grubu tarafindan gergeklestirilmistir.
Selenofen’den tiiretilen poli iminlerin sentezi, karakterizasyonu ve elektriksel 6zellikleri
incelenmistir (Diaz, 1999).

Dutta ve calisma grubu ise yeni poliazometin eterleri dogrusal olmayan optiksel
uygulamalar i¢in sentezlemisler ve yapiy1 aydinlatmislardir (Dutta, 2003).

Misra ve calisma grubu tarafindan N, N'-bis(p-klorbenzilidin)-2,6-diaminopiridin’in
sodyum siilfit ile niikleofilik yer degistirme polimerizasyonu ile yeni hetero siklik poli (Schiff
bazi siilfit) polimerleri sentezlenmistir (Misra, 1998).

Sun ve calisma grubu tarafindan bistiyazol halka igceren poli Schiff bazlarnin 6zellikleri
incelenmistir (Sun, 1997).

Suh ve arkadaslar tarafindan ise yiiksek foto iletkenlige ve dogrusal olmayan optiksel
Ozellige sahip poliazometinler sentezlenmistir. Ayrica yapilart da uygun spektroskopik
metotlar kullanilarak aydinlatilmistir (Suh, 2000).

1.1.2. Fenollerin Oksidatif Polimerizasyonu

Fenoller ve aromatik amin bilesiklerinin yapilarinda fonksiyonel grup oldugundan,
yiikseltgenlere karst aromatik hidrokarbonlardan daha kolay oksidatif polimerizasyon
reaksiyonu verirler. Bilindigi gibi; O-H bagi, aromatik C-H bagindan daha az enerjili ve
polaritesi daha fazladir. Bu nedenle fenollerdeki O-H bagimnin, yiikseltgenlerin etkisiyle
homolitik par¢alanmasi daha kolay olmaktadir.

Fenoller, 6rnegin su gibi, polar ¢oziicii ortaminda ¢oziicli molekiillerinin etkisiyle iyonlasir.
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Bazik ortamda iyonlagsma daha fazla olmakta ve fenolat anyonlar1 olusmaktadir.

OH

0
/ /
@ + NaOH — » @ + Na' + H,0

Fenolat anyonlari, oksidatif polikondensasyon reaksiyonlarinda yiikseltgenlerin varliginda

kolay ve hizl1 bir bigimde fenoksi-radikallere doniismektedir.
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Fenoksi radikaller ¢ok aktif ve kararsiz yapida molekiiller olduklarindan biiyiik bir hizla

birbirleriyle birleserek difenol yapisini olustururlar.

Ikinci basamakta difenolatlar ortamdaki yiikseltgenlerin etkisiyle, yine fenol-fenoksi
radikallere doniismekte ve bu yeni radikaller de birbirleriyle birleserek trimer ve tetramer
olusturmaktadirlar.
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Sonraki basamaklarda ise di-, tri-, tetra- ve polimerler meydana gelmektedir.
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Giiniimiizde fenol, krezol, a- ve B-naftoller, hidrokinon ve rezorsinol gibi bazi fenol

tirevleri kullanilarak oksidatif polimerizasyon yontemiyle ¢esitli polifenoller sentezlenmistir.

Yapilan bu ¢alismalarda; aromatik alkollerdeki -OH grubu sayist ve aromatik halka sayisinin



artmasiyla oksidatif polikondensasyona girme yatkinligimin yiikseldigi rapor edilmistir. Bu
aktiflik siras1 agagida bazi molekiiller lizerinde gosterilmistir.
Fenol < p-krezol < oksininolin < a-naftol < B-naftol < katekol < rezorsinol < hidrokinon

Bu molekiillerden dioksi bilesikleri, ¢cok yiiksek aktiviteye sahip olduklarindan oda
sicakliginda bile HO, ve NaOCl ile yiiksek hizla ve 1s1 vererek oksidatif polikondensasyona
girerler. Diger fenol tiirevlerinin polikondensasyonu i¢in 1siya gereksinim vardir. Fenollerin
yiiksek reaktivitesi sebebiyle polimerlesmelerinde, aromatik hidrokarbonlardaki gibi
katalizore ihtiyac yoktur.

Fenollerin oksidatif polikondensasyonunda yiikseltgen olarak baslica H,O,, NaOCl ve

oksijen kullanilir.Bu yiikseltgenlerin pratikte bir ¢ok kullanim avantajlar1 vardir: Yaygin, ucuz
ve teknolojik yonden elverisli olmasi bunlardan bazilaridir.
NaOCl, bu yiikseltgenler arasinda oksidatif polikondensasyon reaksiyonlar i¢in en aktifi olup
aktivitesi disik olan fenollerin oksidatif polikondensasyonunda kullanilir. NaOCl
kullaniminda yan iiriin olarak NaCl olusur. Bu tuzu saflastirilip bagska amaglar i¢in kullanmak
miimkiindiir.

Hidrojen peroksitin yiikseltgen olarak avantaji, reaksiyonda suya ¢evrilmesi ve yan
iriin olusturmamasidir. Diger taraftan da H,0,, bazi katalizorlerin ¢ok kiigiik (%1-2)
miktarlar1  varhiginda ¢ok diisiik sicakliklarda (20-50°C) bile fenolleri oksidatif
polikondensasyona ugratmaktabilmektedir. H,O, diger yiikseltgenlere gore pahalidir.

Hava oksijeni ise oksidatif polikondensasyon reaksiyonunun en uygun yiikseltgeyici
reaktifidir. Ciinkii ¢ok ucuz ve tilkkenmez bir kaynaga sahiptir. Ayrica reaksiyon siliresince
suya ¢evrilerek higbir yan {iriin olusturmamasi oksijenin en biiyiik avantajlarindan birisidir.
Hava oksijeni, ilimli bir yiikseltgen oldugundan her tiirlii fenoliin polimerizasyonunda
kullanilamaz.

Aromatik hidrokarbonlarin oksidatif polikondensasyonunda aromatik ve alifatik
coziiciiler kullanmilir. AICl; katalizorii, nitrobenzen bilesikleri disinda polar ¢oziiciilerle
etkilendiginden bu reaksiyonlar apolar organik sivilarda yiiriitiiliir.

Fenollerin oksidatif polimerizasyonu katalizorsiiz yiiriidiigiinden, reaksiyon polar
¢oziiclilerde (su, dioksan, THF, asetik asit, alkol v.b.) gergeklestirilir. Bu bakimdan,
polimerlerden kolay ayrilan, ucuz ve tehlikesiz en 6nemli ¢6ziicli sudur.

1.1.3. Polifenollerin Ozellikleri
Polifenoller; genelde kahve bazen ise siyah renkli, kati toz halinde maddelerdir.

Polifenoller, makromolekiillerini olusturan birimlerin yapisal ozellikleri ve mol kiitlesine



bagl olarak 80-220°C’de eriyen, polar ¢oziiciilerde (bazik su, etanol, dioksan, THF, DMF
v.b.) ¢oziinen maddelerdir ve onlarin mol kiitleleri 450-40.000 arasinda degisebilmektedir.

Polifenoller, konjuge bag diizenine sahip olduklarindan o-bagli polimerlerden ve
recinelerden farkli Ozelliklere sahiptirler. Bu 0Ozellikleri; elektriksel yari-iletkenlik,
paramagnetizma, yiiksek sicakliga, plazma ve radyasyona dayaniklilik, 1siya kararl kilicilik,
inhibitdr, elektron degistiricilik v.b. seklinde siralayabiliriz.

Ayrica polifenoller, poliarilenlerden ve fenol-formaldehit recginelerinden farkli olarak
cesitli reaksiyonlara karsi yliksek derecede aktiflik gosterirler. Bu reaksiyonlar1 su sekilde
siralayabiliriz.

1. Bazik ortamda polifenoller hava ile yiikseltgenerek makrofenoksi radikaller meydana

getirirler (Mamedov, 1984, 1987).

A + o, NaOH 4 +  2H,0

Bu radikallerin ¢iftlesmemis elektronlari, polimerin konjuge bag diizeni ile etkileserek
yiiksek kararlilik kazanirlar. Sonugta olusan polifenoksi radikaller kati halde aylarca sabit
kalabilmektedir. Bunlarin elektriksel iletkenlikleri polifenollere oranla 10° kat daha fazladir
(Ragimov, 1997).

2. Polifenollerin —OH gruplari, fenollerden daha aktiftir. Bu sebeple allil kloriir ve epoksi
tiirevleri ile bazik ortamda kolayca tepkime verebilirler (Ragimov, 1985, 1986).
Allil polifenolller ve epoksi polifenoller, termoset polimerler olup yiiksek 1s1l ve mekanik

ozelliklere sahip plastik malzemeler olustururlar.
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3. Polifenoller, halojenlenme reaksiyonu verebilirler (Ragimov, 1975).

H H
+ opor Naocl Cl + NaCl + H,O

Polifenollerin halojenlenmesi sonucunda; ¢ok degerli aleve karsi dayanikli maddeler elde
edilebilir.

4. Polifenollerin 6nemli reaksiyonlarindan biri de siilfolanma reaksiyonudur (Ragimov, 1985).

H
o NaOH
5 + Hs0, 10°C SOH ——— » SO;Na

Bu reaksiyon siiresince aktif deterjanlar elde edilir.



5. Polifenoller, katalizor varhi§inda epoksi reginelere katilarak ag yapili polimerler

olustururlar (Mamedov, 1976).
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Bu polimerler, yiiksek 1s1l ve mekaniksel 6zelliklere sahiptir.
6. Polifenollerin anilinle kopolimerleri elde edilmistir. Bu amagla fenoller anilinle beraber

oksidatif polimerizasyona ugratilmistir (Ragimov, 1994).
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Yapilan analizler sonucunda, anilinin polimer zincirine fenolden farkli olarak -NHC4sHs- bag:
ile baglandigi tespit edilmistir.

7. Yapisinda —OH’den farkli olarak —CHO veya —NH; gibi aktif fonksiyonel grup bulunduran
polifenoller sirasiyla aminlerle ve aldehitlerle Schiff bazi verecek sekilde kondensasyona
girebilir (Kaya ve ark. 2001, Mart, 2004).

Son yillarda, konjuge bag ve aktif hidroksil gruplari(-OH) igeren Schiff bazi
polimerleri lizerine yapilan arastirmalarin sayisi oldukca fazladir. Bu tip polimerler,
paramagnetizm, yari-iletkenlik, elektrokimyasal hiicreler ve yiiksek enerji etkilerinde
kararlilik gibi kullanigh 6zelliklere sahiptir (Mamedov ve ark.1997, Suh ve Shim, 2000). Bu
ozelliklerinden dolayr yiliksek sicaklikta yiiksek kararliliga sahip kompozitlerin
hazirlanmasinda, termostabilizorlerde, grafit materyallerde, epoksi oligomer ve blok
kopolimerlerde, fotorezistlerde, antistatik ve aleve dayanikli malzemelerin hazirlanmasinda
kullanilmistir (Baughman ve ark. 1982, Ragimov ve ark.1997, El-Shekeil ve ark.1997, Diaz
ve ark.1999, Aly ve Khalaf, 2000, Grigoras ve Catanescu, 2004).

Oligofenollerin Schiff baz1 siibstitiientli iiyelerinin sentezi ve karakterizasyonu Kaya

ve calisma grubu tarafindan incelenmektedir.



Kaya ve ¢alisma grubu, NaOCl, H,O, ve hava oksijeni gibi oksidantlar kullanarak, bazik
ortamda 2-p-tollilazometinfenoliin oligomerini sentezlemislerdir. Bu ¢alismada en yiiksek
verim, 80 °C’ de bazik ortamda oksitleyici olarak NaOCI kullanilmas ile elde edilmistir. Bu
sartlarda elde edilen oligomer iki fraksiyonlu olup, sayica (M,) ve agirlik¢a ortalama molekiil
agirhigl (M) degerleri sirastyla; 625 g mol™ ve 1850 g mol™ olarak belirlenmistir. Ayrica elde
edilen oligomerin bazi metal kompleksleri sentezlenerek, termal kararlilik ve antimikrobiyal
aktivite gibi ozellikleri incelenmistir (Kaya, 2002).

Kaya ve ¢aligma grubu tarafindan yapilan diger bir ¢aligmada, salisilaldehitin NaOCI ve
hava oksijeni gibi oksidantlarin varliginda bazik ortamda oligomeri sentezlenmis ve sentez
sartlar1 aragtirllmigtir. Ayrica oligosalisilaldehitin anilin, o-toluidin ve nitro anilin ile Schiff
baz1 oligomerleri sentezlenip termal kararhiliklar1 incelenmistir. Bu ¢alismanin sonucunda; en
1yi oksidantin NaOCI oldugu belirlenmis ve %70 civarinda oligomer olusumu goézlenmistir
(Kaya, 2001).

Kaya ve calisma grubu, oligo-o-fenilazometinfenolii sentezleyip, bazi metal
komplekslerini yaparak, termal ve antimikrobiyal ozelliklerini incelemislerdir. En yiiksek
antimikrobiyal aktiviteyi ise oligomer metal komplekslerinin gosterdigi goriilmiistiir.

Kaya ve ¢aligma grubu oligosalisilaldehit ve oligoanilinin Schiff bazi graft oligomerini

sentezleyip, yap1 ve 6zelliklerini incelemislerdir (Kaya, 2002).
Yapilan bir bagka calismada Oligosalisilaldehit’in dietilenglikol bis(2-aminofenil eter) ve
trietilenglikol bis(4-aminofenil eter) ile reaksiyonu sonucu elde edilen yeni tiir Schiff
bazlarinin sentezi yapilmis, sayica (M,) ve agirlikca (My) ortalama molekiil agirliklar
sirastyla; dietilenglikol bis(2-aminofenil eter) igin 1690 g mol' ve 5150 g mol™,
trietilenglikol bis(4-aminofenil eter) i¢in 1100 g mol™ ve 5400 g mol™ olarak bulunmustur
(Kaya, 2002).

2-Hidroksi-1-naftaldehitin NaOCl, H,O, ve hava oksijeni varliginda oksidatif
polikondezasyon reaksiyonu yardimiyla oligo-2-hidroksi-1-naftaldehit sentezlenip optimum
reaksiyon sartlari belirlenmistir. Ayrica olusan iirliniin termal Ozelliklerinin incelenmesi
sonucu 1000 °C’de yaklasik %40 oraninda kalint1 biraktig1 ve termal kararliliginin oldukca
yiiksek oldugu gozlenmistir (Kaya, 2003).

Oligo-3-aminopiridinin sentezi ve reaksiyon sartlar1 asidik ve notr ortamda calisilmis ve
%80 civarinda vedrim elde edilmistir. 'H-NMR olgiimleri sonucu yapilarin asagidaki gibi

oldugu saptanmistir (Kaya, 2003).
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Yapilan c¢alismalar sonucunda oligofenoller, yapilarinda konjuge = baglan
icerdiklerinden dolay1 yari-iletken Ozellik gosterdikleri gdzlenmistir. Yapilarinda —OH,
-C=N- gibi gruplarin bulunmas1 metaller ile ag yapili makro molekiiller olusmasina sebep
olmaktadir. Ayrica, oligofenollerin ve oligofenol-metal komplekslerinin, antimikrobiyal
aktivite, termal kararlilik, radyasyon ve yiiksek enerjiye dayaniklilik, kimyasal reaktiflik,
paramagnetizma, boyar madde (tekstil sanayi) olarak kullanim gibi yararli 6zelliklerinin
oldugu yapilan ¢alismalar sonucunda bulunmustur.

Bu polimerlere baska fonksiyonel gruplarin da katilmasiyla, yeni kullanish bir ¢ok
ozellikler kazandirilabilmektedir. Schiff bazi polimerleri ¢esitli bakteri, maya ve mantarlara
kars1 anti-mikrobiyal aktivite gostermistir (Kaya ve ark., 2002a,b). Cesitli fonksiyonel
gruplara sahip polifenoller, endiistriyel atik sularin igerdigi zehirli agir metallerin
temizlenmesi isleminde kullanilabilir. Bu nedenle polimer-metal komplekslerinin sentezi,
analitik ve ¢evre kimyasi acgisindan Onemlidir. Bu avantajlar géz Oniine alinarak polimer
yapili ligandlar hazirlanmis ve gecis metallerinin bir ¢ogu ile kompleks formlari denenmistir.

Boylece biiylik oranda uygulama alanina sahip olmustur (Kaya ve Giil, 2004).

1.1.4. Oksidatif Polikondenzasyon Reaksiyonunun Temel Ozellikleri

Fenoller ve aromatik aminler aktif fonksiyonlu grup icerdiklerinden, aromatik
hidrokinonlardan daha kolay, oksidatif polikondenzasyon reaksiyonuna katilirlar. Fenoldeki —
OH bag1 aromatik —CH bagindan daha az enerjili ve daha ¢ok polardir. Bu sebepten, -OH

grubu, oksitlenme reaksiyonlarinda daha kolay homolitik parcalanmaya ugrar.

Fenoller polar c¢oziiciilerde, 6rnegin suda, c¢ozilinlirken, ¢oziicli molekiillerin etkisiyle

H -

Fenollerin iyonlagsmasi, bazik ortamda daha kuvvetli olur ve fenolat iyonu olusur.

iyonlagirlar.
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Fenolat iyonlari, oksidatif polikondenzasyon reaksiyonlarinda oksitlendiricilerin etkisiyle

fenoksi radikallere doniisiir.

Fenoksi radikaller, birbirleri ile katilarak difenoksi radikalleri olustururlar.
o) o 0’
S O —
O
Fenoksi radikaller, Smith ve Oterson’un hesaplamalarina gore 3 mezomer seklinde olur.

c-¥-g

Bu mezomerlerden 2 ve 3 daha kararli oldugundan, onlar birbiriyle katilarak dimer (difenol)
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verirler.



Uciincii asamada difenoller oksitlenerek, fenolilfenoksi radikallere doniisiirler. Bu dimerik
radikal, sonraki basamaklarda birbirleriyle ve fenoksi radikalleriyle katilarak tri ve tetramere
cevrilirler. Son olarak oksidatif polikondenzasyon prosesinin sonucu olarak oligofenoller

olusur.

i + no, NaOH <

Fenoller oksidatif polikondenzasyon reaksiyonlarinda asagidaki siraya gore aktiflik
gosterirler:

Fenol<p-kresol<oksikinolin<a-naftol<f-naftol<katekol<rezorsinol <hidrokinon

Bu reaksiyonlarin asagidaki 6zelliklerine gore, katilma polimerizasyonuna ve kondenzasyon
polimerizasyonuna benzer ve farkli yonleri vardir.

e Bu reaksiyonlar baslica aromatik bilesiklerle gergeklestirilir.

e Oksidatif polikondenzasyon reaksiyonlarinda, oksitlendiricilerin varligi 6nemlidir.

e Bu reaksiyon basamakli polimerizasyon olup, polimerlerle birlikte kiiciik molekiillii
maddeler de (H,O, HCI) olusturur.

e Oksidatif polikondenzasyon reaksiyonlarinda, elektron veren siibstitiientler, reaksiyonun
verimini ve monomerlerin aktifligini arttirir.

e Bu reaksiyonlar tersinmezdir ve olusan polimer zinciri, diger polimerler ve kiigiik
molekiillii bilesiklerle etkilesmezler.

e Oksidatif polikondenzasyon reaksiyonu siiresince ortamda her zaman monomer olur.

Goriildiigii gibi oksidatif polikondenzasyon reaksiyonlari, bazi &zelliklerine gore katilma
polimerizasyonuna, diger 6zelliklerine gore ise polikondenzasyon reaksiyonlarina benzerler.
Bu sebepten bu prosese literatiirde gerek oksidatif polikondenzasyon gerekse de oksidatif
polimerizasyon denir.

Fenoliin yapisindaki halkalarin ve hidroksil gruplarinin sayisi arttikca aktifligi de artar.
Ornegin monofenollerin oksitlenmesi icin 1sitmak (80-90 °C) gereklidir. Difenoller oda
sicakliginda ve biiyiik bir hizla 1smin ayrilmasiyla oksitlenme reaksiyonu verirler. Fenoller
yliksek  aktivitelerinden dolayi, aromatik bilesiklerden farkli olarak  oksidatif

polikondenzasyon reaksiyonunu katalizorsiiz verirler.
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Oksidatif polikondenzasyon reaksiyonlarinda en ¢ok kullanilan oksitlendiriciler, organik
peroksitler, sodyum hipoklorit, hidrojen peroksit ve hava oksijenidir. Organik peroksitler
varliginda olusan oligofenoller, diisiik verimli karmasik bir yapiya sahiptir.

Sodyum hipoklorit (NaOCI) oligofenollerin sentezinde ¢ok yararli bir oksitlendiricidir.
Ciinkii onun varliginda yiiksek verimle saf oligofenoller olusur. Bu reaksiyonlar, 70-90°C’ de
gergeklesir. Ancak sodyum hipoklorit reaksiyonunda NaCl yan iiriinii olugsmaktadir.

Hidrojen peroksit varliginda en temiz ve saf yapili oligomerler olusur. Reaksiyonda higbir yan
irlin meydana gelmez. Bu reaksiyonun en biiylik avantajlarindan biri de %0.5 Fe(Il)
varliginda reaksiyonun 35-40°C’de yiiriiyebilmesidir.

Kullanilan oksitlendiricilerden en 6nemlisi hava oksijenidir. Hava ucuz ve tehlikesizdir.
Havanin varliginda meydana gelen reaksiyonda atik meydana gelmez.

Fenollerin oksidatif polikondenzasyonunda ¢oziicii olarak; apolar ¢oziiciiler ve dioksan, THF
ve su kullanilir. En ¢ok kullanilan ¢oziicii sudur. Aromatik hidrokarbonlarin oksidatif
polikondenzasyonunda ise temel olarak, aromatik ve alifatik hidrokarbonlar ve onlarin
halojen tiirevleri kullanilir.

1.1.5. Oligofenollerin Elektriksel Ozellikleri

1977 yilinda dopinglenmis asetilenin metalik iletkenliginin agiklanmasindan sonra,
iletken polimerler hakkindaki arastirmalar farkli yonlerde hizli bir sekilde artmistir. Son
zamanlarda, yiiksek saflikta polimerlerin elde edilebilmesi ile birlikte, yari-iletken aletler
iizerinde de bir c¢ok calisma baslatilmistir. Bu aletler, normal transistorleri, alan-etkili
transistorleri (FET), fotodiyotlar1 ve 151k yayma diyotlarini kapsarlar.

Oligofenollerin ve Schiff bazi1 substituentli polimerlerin iletkenliklerinin incelendigi
dokiimanlar literatiirde mevcuttur. Ragimov ve arkadaslar1 tarafindan yapilan iki ¢aligmada
naftoksi tipi poliradikallerin elektriksel ozellikleri ESR (Elektron Spin Rezonans)
spektroskopisi ile incelenmistir. Cesitli sicakliklarda (60-120°C), vakum altinda yapilan
incelemede artan sicaklikta ESR sinyalinin artmasiyla radikal miktarinda bir artis beklenmis
ve elektriksel iletkenligin arttig1 gézlenmistir ( Ragimov, 1984, 1988).

Ragimov ve arkadaslari tarafindan yapilan bir bagka calismada polikonjuge
oligoaminofenollerin (o-, m-, p-) sentez sartlar1 ve iletkenlikleri incelenmistir. m-
Oligoaminofenoliin (m-OAP), polietilen (PE), polistiren (PS) ve polipropilen (PP) ile %5
oraninda karistirilmasindan 6nce ve sonraki diren¢ degerleri Slgiilmiis ve bulunan degerler

asagidaki Tablo 1.1.5.1.de verilmistir.
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Tablo 1.1.5.1. m-OAP’iin PE, PS, PP ile karistirilmasi sonucu elde edilen direng degerleri

Kompozisyon P (ohm)
Karistirma isleminden 6nce Karigtirma isleminden sonra
PE + m- OAP 6.13x 10" 54x10°
PS + m- OAP 6.9x 10" 1.2x 10’
Pp + m- OAP 53x 10" 3.7x 10

Tablo 1.1.5.1.°den de goriildigii gibi m-OAP’lin antistatik aktivite gosterdigi
gozlenmektedir. m-OAP’lin termoplastiklerle muamelesi sonucunda (PS, PP, PE)
makroaminofenoksil radikal miktarinda meydana gelen artig, bu materyalin yiizeyindeki
paramanyetik merkezin konsantrasyonunu artirmig buna bagli olarak elektriksel iletkenlik
artmistir. Bu verilere dayanarak oligoaminofenollerin endiistriyel polimerler i¢in antistatik
katki maddesi olarak kullanilabilecegi bulunmustur. Oligoaminofenoller i¢in sabit akimda
(akimla potansiyel dogrusal olarak degisir) elektriksel iletkenligin sicaklikla {istel bir
degisiminin s6z konusu oldugu belirlenmistir. Cesitli elektrik alanlarinda, elektriksel
iletkenligin frekansla degisimi o~f ifadesiyle verilmistir. Burada n=1.0-0.8 arasinda
degismektedir. Bunun sonucunda, oligoaminofenollerin yari-iletken olduklar1 belirlenmistir
(Ragimov, 1996).

Mamedov ve arkadaslar1 tarafindan yapilan bagka bir calismada Oligo-rezorsinol’iin
sentez sartlar1 ve sicakliga bagl iletkenliklerde degisim ESR spektroskopisi kullanilarak
incelenmistir. Sicaklik arttirildiginda radikal miktarlarindaki artisa bagli olarak iletkenlikteki

degisim irdelenmistir (Mamedov, 1997).

14



2. DENEYSEL CALISMALAR
2.1. Schiff Baz Siibstitiientli Poli/Oligofenollerin Sentezi

Fonkiyonel hidroksi gruplart iceren Schiff Bazi monomerleri [2,3-bis[(2-hidroksi-3-
metoksifenil)metilen]diamino piridin (1) (HMPMDAP) ve 2,2'-{1,4-fenilenbis [nitrilo
metililiden]} bis(6-metoksi)fenol (2) (PBNMBMP) sirastyla vanilinin; 2,3-diaminopiridin ve
p-fenilendiamin bilesikleri ile kondenzasyonu sonucu elde edildi. Saflastirilan {irtinler belirli
miktarda potasyum hidroksit ¢ozeltisi ile ¢oziilerek hava oksijeni ve sodyumbhipoklorit
yiikseltgenleri ile polimer ve oligomerlerine doniistiiriildii. Reaksiyon tamamlandiktan sonra
karisim oda sicakliginda baglangicta kullanilan baza esdeger miktarda asitle notrallestirilerek
sonlandirild1 (%37 HCI). Reaksiyonda olusan tuz saf suyla yikanip uzaklastirildiktan sonra
ham {iiriin 105 °C’de etiivde kurutuldu ve % verim oranlar1 hesaplandi. Her bir polimer i¢in
sicakligin, zamanin ve yiikseltgen derisimlerinin etkisi incelenmesi suretiyle optimum
reaksiyon sartlar1 belirlendi. Sentezlenen oligomerlerin metal kompleksleri hazirlandu.

Elde edilen monomer ve polimer/oligomerlerin yapilart UV-vis, FT-IR ve 'H-NMR
analizleri yapilarak aydinlatilirken, termal davraniglari ile molekiil kiitleleri dagilimi ise DTA-
TG ve biiyiiklikce ayirma kromotografisi (SEC) verilerinden faydalanarak, daha ileri
karekterizasyon ise monomer, polimer/oligomer ve polimer-metal komplekslerinin bant
bosluklarinin ve iletkenlik degerlerinin hesaplanmasiyla belirlendi. Sentezlenen monomer ve
polimerler ve polimer-metal komplekslerinin antimikrobiyal testleri 5 bakteriye karsi test
edildi.  Ayrica gidalarda nikel tayini i¢in uygulanan metodlara goére  sentezlenen
PHMPMDAP bilesigi yeni bir ligand olarak denendi ve etkinligi diger reaktiflerle
karsilastirildi.

2.1.1. Monomer (1) Sentezi: [2,3-bis[(2-hidroksi-3-metoksifenil)metilen]diamino
piridin’in (HMPMDAP) Sentezi]|

o-Vanillin (1.36 g, 0.01 mol) ve 2,3-di-aminopyridine (0.545 g, 0.005 mol) oranlarinda
almip 50 mL’lik balonda 15 mL metil alkolde ¢6ziildiikten sonra 3 saat geri sogutucu altinda
manyetik karistiricili 1sitict ile 1sitilarak asagida reaksiyonda gosterildigi gibi sentezlendi.

Reaksiyon sonunda olusan iiriin etil alkolde tekrar kristallendirilerek saflastirildr .
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2.1.2.Polimer (1) Sentezi
2.1.2.1.  2,3-bis[(2-hidroksi-3-metoksifenil)metilen]diaminopiridin’in (PHMPMDAP)
NaOCl ile Oksidatif Polikondenzasyonu

HMPMDAP (0,213 g, 0,01 mol), stokiyometrik oranlarda belirlenen KOH c¢ozeltisi ile
kanistirilarak saf su icerisinde ¢6ziildii. Reaksiyon karigimi geri sogutucu altinda manyetik
karistiricilt 1sitict ile belirlenen sicakliga kadar 1sitilip reaksiyon siiresi boyunca reaksiyon
ortamina damla halinde NaOCI ilave edildi. Reaksiyon sonunda ortamin nétrallesmesi i¢in
esdeger miktarda HCI (%37) eklendi ve ¢oken kisim siiziilerek ayrildi. Kat1 kisim sicak saf su
ile yikanarak mineral tuzlardan arindirildi. Reaksiyona girmeyen monomer etanol ile

yikanarak iirtinden uzaklastirildi ve daha sonra 6rnek etiivde 105 °C’de kurutuldu.

N
I‘{ N\ / H
|

n C— N—
H;CO OH HO OCH;
N
H ;\ /2 H n
NaOCVH0y/Air O, (‘;7 |
KOH(aqu) —N N==C
H;CO O)-H HO OCH;,

2.1.2.2 HMPMDAP Hava Oksijeni ile Oksidatif Polikondenzasyonu

HMPMDAP (0,213 g, 0,01 mol) stokiyometrik oranlardaki KOH’in sulu ¢ozeltisi
igerisinde ¢oziilerek, manyetik karistiricili 1sitici tizerinde ve geri sogutucu altinda {i¢ boyunlu
100 ml’lik bir balon igerisine yerlestirildi. Deney balonunun bir boyununa termometre

takildiktan sonra reaksiyon ortamina hava gondermek i¢in diger boyuna bir cam boru takildu.
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Havanin reaksiyon ortamindaki akis siiresi 8,5 L/s hiza ayarlandi. Reaksiyon ortamindaki
suyu kaybetmemek ve NaOH’un havadaki CO;’1 notralize etmesi i¢in hava oksijeni reaksiyon
balonuna gonderilmeden 6nce 200 ml % 20’lik NaOH ¢ozeltisinden gegirildi. Reaksiyon
tamamlandiktan sonra karisim oda sicaklifinda baslangigta kullanilan baza esdeger miktarda
asitle notrallestirildi (% 37 HCI). Reaksiyonda olusan tuz saf suyla yikanip uzaklastirildiktan
sonra ham tirlin 105°C’de etiivde kurutuldu.
2.1.3. PHMPMDAP Metal Komplekslerinin Sentezi

Polimerin THF daki ¢6zeltisini Co (AcO), 4H,0, Cu (AcO), 4H;0, FeSO, 7H,0,
Zn(AcO), 4H,0, Pb(AcO), 3H,0 tuzlarinin uygun ¢dziiciilerdeki ¢ozeltileri ile 70 C’de 3 saat
karigtirmak suretiyle polimer metal kompleksleri sentezlendi. Reaksiyon ortaminda olusan
kalint1 stiziilerek ayrilarak soguk su ile yikandi1 ve daha sonra soguk MeOH/THF (1:1)

karisimindan siiziilerek vakum firininda kurutuldu.

C:N N—— + M
H;CO OH HO OCH,
N
H ;\ /z H
THF/MeOH (‘::N N—(‘;
% -
H;CO 0 / \ 0 OCH;
/

2.2. Monomer (2) Sentezi:
2.2.1. 2,2'-{1,4-phenylenebis [nitrilo methylylidene]}bis(6-methoxyphenol) (PBNMBMP)
Sentezi

o-Vanilin (10.88 g, 0.08 mol) ve 2,3-diaminopiridin (4.32 g, 0.04 mol) oranlarinda

alimip 75 mL metil alkolde ¢d6ziildiikten sonra 3 saat geri sogutucu altinda manyetik

17



karistiricili 1sitict bulunan bir sistemde 1sitilarak bir 6nceki monomer sentezinde oldugu gibi

sentezlendi. Reaksiyon sonunda olusan {iriin etil alkolde tekrar kristallendirilerek saflastirildi.

MeOH

H;CO OCH;

H;CO

2.2.2. Oligomer (2) Sentezi:

2.2.2.1. 2,2'-{1,4-phenylenebis  [nitrilo  methylylidene]}bis(6-methoxyphenol)’iin
(PBNMBMP) NaOCl ve Hava Oksijeni ile Oksidatif Polikondenzasyonu

PBNMBMP’in polimerizasyonu bir dnceki monomerin polimerize edilmesinde oldugu gibi

asagidaki akim semasina gore sentezlenmistir.

\
C |
) Q NON CQ
CO OH HO

OCH;
H
NaOCV/Air O, | I‘{
KOH (aqu.) C=—N N=—
H;CO O\} HO OCH;

2.2.3. OPBNMBMP’in Bakir Komplekslerinin Sentezi

Oligomerin THF daki ¢ozeltisine Cu (AcO); 4H,O’1in metil alkoldeki ¢ozeltisi ile 70
C’de 3 saat karigtirmak suretiyle bakir kompleksi sentezlenmistir. Reaksiyon ortaminda
olusan ham {iriin siiziilerek soguk su ile yikandi ve daha sonra soguk MeOH/THF (1:1)

karisimindan siiziilerek vakum etiiviinde kurutuldu.
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2.2.4. OPBNMBMP ile Gidalarda Nikel Iyonunun Spektrofotometrik Olarak Tayini
2.2.4.1. Reaktifler

Kullanilan reaktifler analitik safliktadir ve tiim c¢ozeltiler iki kere destile edilen saf su ile
hazirlandi.

%]1(w/v)’lik kromojenik reaktif ¢ozeltisi uygun miktarlardaki PHBMPBAB nin THF deki
¢oOzeltisi ile hazirlandi. Caligma solusyonlar1 hazir olarak temin edilen [ Ultra Scientific
Analytical solution (1000 pg/ml) Matriks= (%2’lik HNOs )] ¢ozeltisinden uygun miktarlar
almarak hazirlandi. 0,001M Boraks ¢ozeltisi 0.38 g Na,B4O07. 10H,O’nin 100ml’ye
tamamlanmasi ile elde edildi.

2.2.4.2. Nikel Tayini

Standart stoklardan hazirlanan bir seri nikel soliisyonundan birer mililitre 25 ml’lik balon
joje igerisine alindi. 0.2ml boraks tamponu ve %1(w/v)’lik kromojenik reaktif ¢ozeltisinden 1
ml’si balon jojeye ilavesinden sonra isaretli ¢izgisine kadar saf su ile dolduruldu. Agzi
kapatildiltan sonra balon joje bir vortkste bes dakika kadar karistirildi. Reaktif solusyonun
ilavesi ile beklenen renk degisimi gozlendi. Yaklagik 465 nm’de dl¢iimler alindi. Ultraviyole
spektrumunda polimerde gozlenmeyen 465nm dalga boyundaki pik metal kompleksleri i¢in d-
d gegiglerine aittir. Optimum deney sartlarin1 asagida anlatildigr sekilde belirlenmesinden
sonra  2x10° M , 3x10° M , 4x107 M, 5x10° M konsantrasyonlarinda hazirlanan nikel
soliisyonlarmin birer mililitresi ile Iml 0,01%’lik reaktif soliisyonun karistirildi. 0.2ml boraks
tamponu bu karigima ilave edilmesini takiben votekste 5 dakika karigtirildi ve 465nm de
Ol¢iimler alinarak asagidaki sekilde oldugu gibi konsantrasyon degerlerine karsi elde edilen
absorbans degerleri grafige gecirildi. Lineer regrasyon esitligi y= 70.39 x + 0.107 (r=0,8225)

olarak elde edildi.Bu esitlikte x nikelin molaritesini, y degeri ise absorbansini vermektedir.

0,5 -
y = 70,39x + 0,107
R? = 0,8255 ¢
0,4 -
*

0,3 -

0,2 - .

0,1 |

0 T T T T T 1
0 0,001 0,002 0,003 0,004 0,005 0,006
C (M)

Sekil 2.2.4.2.1. Nikel tayini i¢in elde edilen kalibrasyon grafigi

19



Konsantrasyon(M) Absorbans (Amax)

2x107 0,20848
3x107 0,37449
4x107 0,39364
5x107 0,43673

2.2.4.3. P""nin Etkisi

Yapilan bu ¢alismada P"’nin etkisi can alict derecede 6nemlidir. Reaktif soliisyonu ve nikel
soliisyonlarmin uygun miktarlarinin  karistirilmasindan sonra ol¢iimden once olusmasi
gereken renk déniisiimii P degerinin belirlenmesiyle miimkiin olmaktadir. PHBMPBAB-Ni
kompleksi i¢in maksimum absorbans Sl¢iimleri P™ 6.5- 7,5 arasinda alindi. P" 7 bu deneyler
icin optimum P" degeri olarak secildi. Bu ise yaklasik 0,2 ml boraks tampon ¢dzeltisinin
ilavesi ile saglanabilir.Bu ylizden deneylerde 0,2 ml boraks ¢ozeltisi kullanildi.

2.2.4.4. PHBMPBAB’nin Derisiminin Etkisi

PHBMPBAB-Ni kompleksinin absorbansinda PHBMPBAB’nin konsantrasyonunun etkisi de
incelendi. Bu amagla 1.0x107°M nikel iceren 1 ml soliisyon yaklastk 1 ml %0,001°lik
PHBMPBAB in tamami ile reaksiyona girdigi belirlendi.Bu amacgla 1 ml %0,001 lik
PHBMPBAB ¢6zeltisi deneylerde kullanildi.

2.2.4.5. Metodun dogrulugu

Bu metodun dogrulugunu test etmek amaciyla igerisindeki nikel miktart atomik absorbsiyon
spektrometresi ile onceden tayin edilen numuneler kullanildi. Elde edilen sonuglar Tablo

2.2.4.5.1°de verildi

Tablo 2.2.4.5.1. Atomik absorpsiyon sonuglari

AAS ile bulunan deger ( g g'l) Onerilen metod ile bulunan deger ( g g'l)
0,33? 24
0.52° 41

a= Un mumunesi
b= Cay numunesi
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2.2.4.6. Gida Uriinlerinde Nikelin Tayini
Gida {irtinlerinde nikel tayini i¢in standart bir analitik prosediir uygulandi. Bu amacla analiz
edilecek numune 70 "C’de bir giin kurutuldu. Sonra desikatorde sogutuldu. Kurutulmus
numune homojenize edilerek 10 g alindi. Enfrariij lambasinda yakma isleminden sonra (bu
islem etil alkol ile de yapilabilir) 500°C de kiillestirildi. Eger un iriinleri ise sicaklik
900°C’dir. Kiillestirme islemi sonunda kroze i¢indeki kiil rengi gri-beyaz arasinda olmalidir.
Yakma islemi sonucu bu renk elde edilmemigse kiillestirme islemi tam yapilmamis olup
sonuclarin dogrulugunu etkileyecektir. Bu amagcla bir iki damla destile su krozeye ilavesinden
sonra beyaz-gri renk elde edilene kadar bu isleme devam edilir. Krozede kiillestirilen numune
20 ml derisik nitrik asitle kaynatilarak kuruluga kadar buharlastirildi. Sogutulduktan sonra
tuzlar1 ¢ozmek icin 10ml soguk su ilave edildi. 25 ml’lik standart balon jojeye konuldu. 1ml
%?9 luk tiyoiire soliisyonu ve 2ml %2 lik sodyum floriir ilavesinden sonra balon joje ¢izgisine
kadar dolduruldu. Kor i¢in de ayni islemler yapildi. Bulunan sonuglar atomik absorbsiyon
sonucu ile karsilastirildi.
2.2.4.7. PHBMPBAB’nin kullanilan diger reaktiflerle karsilastirnlmasi

Nikel iyonlarmin spektrometrik tayini i¢in bir ¢ok reaktif mevcuttur. Ancak bu
kullanilan reaktiflerin ¢ogu bazen duyarlilik, se¢imlilik sorunlari, yabanci iyon etkisi, bazen
de uygulama prosediirlerinin olduk¢a karisik olmasi gibi sorunlar1 beraberinde getirmistir.
Cok disli ligandlar olan Schiff baz1 oligomerleri geg¢is metal iyonlar: ile oda sicakliginda bile
cok kararli kompleksler vermektedir. Gegis metallerinin belirlenmesi i¢in polimerik veya
oligomerik bilesiklerin kullanilmasi ile ilgili olarak herhangi bir literatiire rastlanmamistir. Bu
ylizden monomer bilesiklerin polimerleri hazirlanarak bu g¢alismalarda etkin ligand olarak
kullanilip kullanilmayacagi incelenmek istendi. Gidalarda, UV spektroskopisi kullanilarak
agir metal iyonu tayini i¢in bazi reaktif ve bu reaktifler i¢in UV parametreleri Tablo

2.2.4.7.1.’de verildi.
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Tablo.2.2.4.7.1. Nikel’in spektrofotometrik tayini i¢in kullanilan reaktifler

Metal Reaktif Dalga | Absorbans PH
Iyonu Boyu Degeri Aralig1
1 (nm) (¢)
Nikel (1I') Dimethyl glyoxime 445 1.5 x 10 1.16
Nikel (IT') | 5,17-Bis(quinolyl-8-az0)-25,26,27,28- 580 10.7
tetrahydroxy calix[4]arene 1.28 x 107
Nikel (II') | 5-(6-Methoxy-2-benzothiazoleazo)-8- 128 x10° | 9.5—
aminoquinoline 623 10.5
Nikel (II) | Benzothiaxolyldiazaoaminoazobenzene | 550 | 1.96 x 10° | 9-9.8
Nikel (II') | 2-[2-(5-Methylbenzothiazolyl)azo]-5- 640 | 1.32 x 107 5.6
dimethylaminobenzoic acid
Ni (1) p-Acetylarsenazo 630 | 6.5x10" 6
Ni(II) | 1-(2-Pyridylazo)-2-naphthol-6-sulfonic 70 56x10" | 5-10
acid
Ni(II) 2-(2-Imidazolylazo)phenol-4-sulfonic
acid M0 57004 | s
Ni(II) 5-(6-Methoxy-2-benzothiazoleazo)-8- 623 | 1.28 x 107 10
aminoquinoline
Ni (II) 2-(2-Benzothiazolylazo)-5- 640 | 1.2x10° | 8.5
dimethylaminobenzoic acid
Ni (1) 7-(4,5-Dimethyl-2-thiazolylazo)-8- 560 | 1.12x10° | 5.2
hydroxyquinoline
Ni(II) N,N'-bis(3-methylsalicylidene)-ortho- 640 12x107° 8.5

phenylene diamine

(Tablo.2.2.4.7.1. Ali Reza Fakhari at all. Talanta 2005 de yayinlanan makaleden alinmistir.)

PHBMPBAB Nikel tayininde kullanilan diger reaktiflerle karsilastirildiginda nikel tayini i¢in
etkili bir reaktif olarak degerlendirilemeyecegi ortaya c¢ikmaktadir. Monomerinin basarili
olarak nikel tayininde kullanilabilmesine ragmen, ayni basar1 polimer bilesigi i¢in gecerli
olmamistir. Bu olas1 olarak monomerin polimere doniigiimiiniin C-O baglart {izerinden

gerceklesmesi ve nikel iyonunun baglanacagi hidroksil gruplarinin kapali bulunmasindan
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kaynaklanabilecegi diisliniilebilir. Bu durum ise uygun c¢oziicii, sicaklik, baz ve uygun
ylikseltgen derisiminin belirlenerek C-C segiciliginin arttirilmasiyla saglanabilir.
2.3. Test Mikroorganizmalari ve Test Bilesiklerinin Hazirlanmasi

Calisilan test mikroorganizmalari Refik Saydam Hifzisthha (Ankara) merkezinden
temin edildi. Bu ¢aligmada, Bacillus Subtilis ATCC 6633, Listeria Monocytogenes NCTC
5348, Pseudomena Aerugenosa ATCC 15442, Staphylococcus Aureus ATCC 25923,
Escherichia Coli ATCC 11229 bakterileri kullanildi. Mikrobiyolojik calismada incelenecek
test bilesikleri icin tek konsantrasyon dozu (0.lmg/ml,) hazirland1 ve bu hazirlanan
cozeltiden 25 pL bos antibiyotik emdirilmemis disklere emdirildi. Tim test bilesikleri
dimetilsiilfoksitte ¢oziildii. Test mikroorganizmalar1 Nutrient Broth igerisinde 37°C’de 24 saat
test mikroorganizmalarini aktive etmek amaciyla inkiibe edildi. Besiyeri otoklav isleminden
sonra sicaklik 40-45°C’ye geldiginde Nutrient broth igerisinde zenginlestirilmis test
mikroorganizmalrindan yeteri kadar tatbik edildi. Hazirlanan karisim hava kabarciklarinin
olusmamasina dikkat edecek sekilde yavasga 100 mm ¢apindaki steril petri plaklarina yavasca
dokiildii. Ortamin katilasmasindan sonra 25uL test bilesiklerinin emdirilmis oldugu 6 mm
capindaki steril antibiyotik emdirilmemis disklere tatbik edildi. Kontrol olarak dimetil
stilfoksit kullanildi.
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3. SONUCLAR VE TARTISMA

3.1. Bilesiklerin Oksidatif Polikondenzasyonu Reaksiyon Sartlarimin Belirlenmesi

3.1.1. HMPMDA’in NaOCl ile Oksidatif Polikondenzasyonu

HMPMDA’in, bazik ortamda NaOCl ile oksidatif polikondenzasyon reaksiyonunda sicakligin
artmastyla beraber verim 60°C’ye kadar artt1 ancak bu sicakligin iizerinde verimin azaldig1
goriildii. 60°C’de siirenin artmastyla da 3 saate kadar verimin arttig1 acik¢a gozlenmektedir.
Ancak bu siirenin fazlasinda verim az da olsa azaldi. Bu sebepten dolay:1 HMPMDA in,
optimum reaksiyon sartinin 60°C’de 1 saat oldugu sonucuna varildi. Elde edilen iirlin

miktarlar1 ve reaksiyon sartlar1 Tablo 3.1.1.1.’de verildi.

Tablo 3.1.1.1. Bazik ortamda NaOCI (Deney No:1-9) ve Hava oksijeni (Deney No:10-19) ile
HMPMDAP*nimn polikondenzasyon reaksiyon sartlari

[NaOCl],
Deney |[KOH], |(mol L") | Sicaklik. . PHMPMDAP nin
No (mol L") |hava  0,](°C) Stire, (Saat) 1o, \rerimi
(Litre/saat)

1 0.014 0.014 50 1 68
2 0.014 0.014 60 1 67
3 0.014 0.014 70 1 67
4 0.014 0.014 80 1 66
5 0.014 0.014 90 1 65
6 0.028 0.028 50 1 70
7 0.014 0.028 50 1 40
8 0.028 0.028 50 3 65
9 0.028 0.028 50 5 62
10 0.014 8.5 50 1 27
11 0.014 8.5 60 1 38
12 0.014 8.5 70 1 34
13 0.014 8.5 80 1 30
14 0.014 8.5 90 1 23
15 0.014 8.5 60 3 44
16 0.014 8.5 60 5 26
17 0.014 8.5 60 10 21
18 0.014 8.5 60 15 17
19 0.014 8.5 60 25 8

a = HMPMDAP’m baslangi¢ konsantrasyonu 0.014 mol L™
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NaOCl oksidant1 i¢in sicaklik, zaman, KOH ve NaOCl’in baslangi¢ konsantrasyonun
HMPMDA’in polimere doniigiimiine olan  etkileri Sekil 3.1.1.1., 3.1.1.2., 3.1.1.3. ve

3.1.1.4.°de verildi. Polimer olusumu bu dort parametreden de etkilenmektedir.

68,5 -
68 -
67,5 -
67 |
66,5 -
66 -
65,5 -
65 -
64,5 -
64 |
63,5

% PHMPMDAP Doniisiimii

50 60 70 80 90
Sicaklik (°C)

Sekil 3.1.1.1. Alkali ortamda reaksiyon sicakliginin bir fonksiyonu olarak NaOCI oksidanti
i¢in HMPMDAP’1n doniistimii tizerindeki etkisi

50 ile 90 °C arasinda monomer ve baz derisimleri sabit kaldiginda monomer doniistimiiniin
sicakliga bagiligr Sekil 3.1.1.1. verildi. Bu degerlere gore verimin en yiiksek oldugu sicaklik
50 °C olup sicakligin artmasina paralel olarak verimde bir azalma oldugu goriildii. Buna
istinaden elde edilen {iriinlerin renklerinde sicaklik arttikca sirasiyla agik kahverengi- koyu
kahverengi ve siyah renk doniisiimii oldugu gézlendi. Bu artan sicaklik degerlerinin yiiksek
molekiil agirlikli polimerler olugsmast lehinde oldugu seklinde yorumlanabilir. Bu ise konjuge
yapida bulunan oksokrom OH gruplarinin artmasindan baglanabilir. Bu verileri SEC analiz

sonuclar1 da destekler.
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80 -

70

60

50

40 |

% HMPMDAP Doniisiimii

30

1 3 5
Siire ( Saat)

Sekil 3.1.1.2. Alkali ortamda reaksiyon siiresinin bir fonksiyonu olarak NaOCl oksidanti i¢in
HMPMDAP’1n doniisiimii izerindeki etkisi

Monomer doniisiimii i¢in en uygun sicaklik ve monomer konsantrasyonu tespit edildikten
sonra c¢aligmanin diger asamasinda reaksiyon siiresinin monomer doniisiimiindeki etkisi
incelendi. Reaksiyon siiresinin artmasi ile polimer verimlerinde azalma tespit edildi. Bu
ilerleyen reaksiyon siirelerinde olusan polimerik yapilarin tekrar pargalanmasi yoniinde
olmasindan kaynaklanabilir. 3 saatlik siire bu sartlarda monomer doniisiimii i¢in en uygun
siire oldugu tespit edildi. Ilerleyen siirelerde monomer doniisiim miktar1 azalmasima karsin
olusan polimerin molekiil agirliginin arttig1 ve ¢oziiniirliigliniin de buna paralel azaldig1 ve

elde edilen iiriinlerin renklerinin ise koyulagsmaya basladig1 gozlendi.

50 -
45 +
40 +
35 -
30 -
25 -

% HMPMDAP Doniigiimii

20
50 60 70 80 90

Sicaklik ( oC)

Sekil 3.1.1.3. KOH’un baslangi¢c konsantrasyonunun bir fonksiyonu olarak hava oksijeni ile

HMPMDAP’1n doniisiimii tizerindeki etkisi
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Sekil 3.1.1.4. Alkali ortamda hava oksijeni ile reaksiyon siiresinin bir fonksiyonu olarak

HMPMDAP’1n doniistimii

Yiikseltgen unsurlarin polimerizasyon reaksiyonlarina olan etkisinin degerlendirilmesi
amaciyla hava oksijeni ile de ¢alisildi ve elde edilen degerler karsilagtirilma yoluna gidildi.
Bu amagla verilen konsantrasyon araliginda monomer degisik siirelerle 1sitilmak suretiyle
elde edilen verimler incelendi. Buna gore en yiiksek verim yine 3 saatte oldugu tespit edildi.
Elde edilen {iriin doniisiimleri sodyum hipokloritin yiikseltgen oldugu deney sartlarina gore
daha az ve daha diisiik molekiil agirlikli irtinler elde edildi. Bu veriler bu polimerizasyonda
sodyum hipokloritin hava oksijenine karsi daha etkili bir yiikseltgen oldugu sonucuna

gotiirmektedir.

~ (o] (o]
o o o
I I ]

% PBNMBMP doniisiimii
o
<)

)]
o

50 60 70 80 90
Sicaklik (oC)

Sekil 3.1.1.5. Alkali ortamda reaksiyon sicakliginin bir fonksiyonu olarak NaOCI oksidanti
icin PBNMBMP’1n doniisiimii {izerindeki etkisi
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Tablo 3.1.1.2. Bazik ortamda NaOCI (Deney No:1-9) ve Hava oksijeni (Deney No:10-19) ile
PBNMBMP’nin polikondenzasyon reaksiyon sartlari

Deney  |[KOH], [NaOCI}" Stcaklik. PBNMBMPnin %
No (mol L) (mol L)/ Hava C0) Siire, (saat) Verimi
0 (L/h)
I 0.027  [0.027 50 1 76.2
2 0.027  [0.027 60 1 82.6
3 0.027  [0.027 70 1 80.1
4 0.027  [0.027 80 1 732
5 0.027  [0.027 90 1 61.7
6 0.081  [0.027 60 1 96.0
7 0.054  [0.054 60 1 83.0
8 0.027  [0.054 60 1 95.2
9 0.027  [0.081 60 1 98.2
10 0.054  [0.054 60 3 79.45
11 0.054  [0.054 60 5 70.13
12 0.027  [0.027 50 1 58.6
13 0.027  [0.027 60 1 63.1
14 0.027  [0.027 70 1 69.4
15 0.027  [0.027 80 1 62.7
16 0.027  [0.027 90 1 543
17 0.027  [0.027 70 0.5 472
18 0.027  [0.054 70 3 70.8
19 0.027  [0.054 70 5 66.2
20 0.027  [0.081 70 10 58.7
21 0.027  [0.054 70 15 51.3
22 0.027  [0.054 70 25 478

a=PBNMBMP’m baslangi¢ konsantrasyonu 0.027 mol L™

Benzer sartlar PBNMBMP’nin doniisiimii i¢in incelenmis ve elde edilen veriler Tablo

3.1.1.2.°de verildi. Bu degerler ve Sekil 3.1.1.5 incelendiginde verimin diger parametreler
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aymt kalmak satiyla 60 °C’de bir maksimum degere ulastigi ve bunu takiben artan

sicakliklarda azaldig1 goriildii. [KOH], =[NaOCl], =0.027mol L' ve 1 saat siiresinde bir

optimum degere ulastig1 goriilebilir.

75 -
70 -
65 -
60 -
55 -
50 -
45 -
40

% PBNMBMP Doniigiimii

50 60 70 80 90
Sicaklik (oC)

Sekil 3.1.1.6. Alkali ortamda reaksiyon sicakliginin bir fonksiyonu olarak hava oksijenin
PBNMBMP’1n doniislimii iizerine etkisi

PBNMBMP’nin doniigiimii tizerinde hava oksijeni de degisik sicaklik degerlerinde benzer
davraniglar gostermekle beraber optimum sicakligin 70 °C oldugu ve bu sicaklik degerinde
verimin % 69,4 oldugu belirlendi. Ayni1 sicaklikta sodyum hipoklorit ile elde edilen monomer
verim ise %80,1 olarak bulundu. Tiim sartlar g6z oniine alindiginda yine sodyum hipoklorit

hava oksijenine kars1 daha etkili bir yiikseltgen oldugu goriildii.

80 -

70 ~
60 -
50 ~

40 -
30 ~
20 A
10 ~

% PBNMBMP doniisimii

0,5 1 3 5 10 15 25
Siire ( Saat)

Sekil 3.1.1.7. Alkali ortamda reaksiyon siiresinin bir fonksiyonu olarak hava oksijenin

PBNMBMP’1n doniisiimiine etkisi
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Bir saatten sonra artan reaksiyon siiresi monomer doniisiimiiniin azalmasina sebep oldugu
goriildii. Benzer yorumlar bu monomerin doniigiim yiizdesi i¢in yapilabilir. Reaksiyon sartlari
ve olusan {irlin yapilar1 goz Oniline alindiginda sadece amin gruplar1 farkli olan vanilin
monomerlerinden tiiretilen bu polimerlerden; HMPMDAP’nin {iriinlerinin daha ytiksek
molekiil agirliklt oldugu ve verimlerinin daha yiiksek oldugu goze carpar. SEC kromatogram
sonuclarindan da bu durumun dogrulugu daha kolay go6zlenebilir. Bu ise 2,3-diamino
piridinin p-fenilen daiminden daha fazla oksidatif polimerizasyona yatkin oldugunu gosterir.
Bundan once piridinlerle yapilan c¢aligmalarda da piridin igeren monomerlerin doniistim
yiizdesinin ve molekiil agirliginin daha yiiksek oldugu sonucuna varilmig ve buna istinaden

spektral analizlerinin yorumlanmasinda BAZI sorunlar olustugu goze ¢arpmaktadir.
3.2. SENTEZLENEN MADDELERIN YAPI ANALIZLERI
3.2.1. HMPMDAP ve PHMPMDAP’1n UV-Vis Spektrumlari

HMPMDAP ve PHMPMDAP’in UV-vis spektrumlar1 sirastyla Sekil 3.2.1.1.,
3.2.1.2.°de verildi. HMPMDAP’ nin UV-vis spektrumuna gore Ama.x degerleri sirastyla 223 ve
282 nm’de gozlenen degerler fenol ve CsNH3-N= gruplarinin K bandini isaret etmektedir.
206 ve 335 nm’de gozlenen absorbans degerleri ise benzen ve CsNH3-N= gruplarina ait R
bandini isaret etmektedir. Bu absorbans degerleri PHMPMDAP nin UV-vis spektrumuna gore
Amax degerleri sirastyla 227, 271, 295, 308 ve 332 nm’de gdzlenmistir. 227 ve 271 nm deki
bantlar ise Kve R bantlarini gosterir. 332 nm’deki bant ise CsNH3;-N= grubuna isaret eder.

Azometin ve aromatik gruplara ait —n* gecisleri sirasiyla 350 ve 280 nm’de gozlendi.
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Sekil 3.2.1.1. HMPMDAP ve PHMPMDAP’1n UV-vis spektrumu
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Sekil 3.2.1.2. Polimer—-metal komplekslerinin UV-vis spektrumu
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3.2.2. HMPMDAP ve PHMPMDAP’1n FT-IR Spektrumlar:

HMPMDAP’nin FT-IR spektrumunda (Sekil 3.2.2.1.), -OH grubuna ait karakteristik gerilme
titresimi 3378 cm™ de, alifatik C-H gerilme titresimi 2936 cm’ de, Schiff bazlari icin
karakteristik Ar-CH=N (azometin) gerilme titresimi 1603 cm™ de ve aromatik C=C gerilme

titresimleri ise 1460, 1440, 1423 cm™ de gozlendi.

91.4
85
80 4
754
2638 203693
70 o
65 ]
60 ]
% 55
834,87
952,52
504
45 1603,08 971,10
2]
82,05
40 612,46
1064,36 642,97
145975 117936 570,86
35]
763,02
30
183
25|
73142
224 T T T T T T T T T T T T 1
4000,0 3600 3200 2800 2400 2000 1800 1600 1400 1200 1000 800 550,0

cm-1

Sekil 3.2.2.1. HMPMDAP’ 1 FT-IR spektrumu.
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Sekil 3.2.2.2. PHMPMDAP’1n FT-IR spektrumu

PHMPMDAP’nin FT-IR spektrumunda (Sekil 3.2.2.2.) -OH grubuna ait karakteristik gerilme
titresimi 3400 cm™ de, alifatik C-H gerilme titresimleri 2932 cm™ de, Schiff bazlari i¢in
karakteristik Ar-CH=N (Azometin) gerilme titresimi 1620 cm™ de ve aromatik C=C gerilme
titresimi ise 1606, 1560, 1463 cm™ de gozlendi. FT-IR spektrumunda azometin grubuna ait
pik monomerde 1603 cm™ de gozlenirken polimerde 1620 cm™ de gozlendi.

Monomer, polimer ve polimer-metal komplekslerinin FT-IR Spektrumuna ait veriler Tablo

3.2.2.1.”de ayrintili olarak verildi.

33



Tablo. 3.2.2.1. HMPMDAP, PHMPMDAP, PHMPMDAP-metal komplekslerinin FT-IR

Spektrumuna ait veriler

Bilesikler Dalga Sayis1 (cm™)

-OH -CH=N -C=C -C-O -CH; Metal-O Metal-N
HMPMDAP 3378 1603 1460, 1440, 1423 1244 2936 - -
PHMPMDAP 3400 1620 1606, 1560, 1463 1245 2932 - -
PHMPMDAP-Cu 3361 1603 1540, 1473, 1440 1240 2933 573 652
PHMPMDAP-Co 3339 1604 1560, 1542, 1420 1242 2923 575 664
PHMPMDAP-Fe 3198 1603 1541, 1475, 1423 1247 2930 594 645
PHMPMDAP-Pb 3235 1532 1465, 1432, 1404 1235 2923 563 656
PHMPMDAP-Zn 3297 1604 1565,1538, 1469 1239 2928 560 632

3.2.3. HMPMDAP ve PHMPMDAP’mn 'H ve “C-NMR Spektrumlari

HMPMDAP’nin 'H-NMR spektrumuna bakildiginda (Sekil 3.2.3.1.); spektrumdan beklenen
karakteristik —OH, -CH=N- ve aromatik protonlar gozlendi. Buna gore; 12,64 ppm’de —OH
(tekli, 1H), 13,24 ppm’de—OH (tekli, 1H) ve 8.98 ppm’de —CH=N- (tekli, 1H), 9.54 ppm’de
—CH=N- (tekli, 1H), gozlenirken, aromatik halkaya ait protonlar ise 6,94-8,46 ppm’de
gozlendi. Bu verilerden yararlanarak HMPMDAP ’nin asagidaki yap1 birimlerine sahip oldugu
sonucuna varildi (Tablo 3.2.3.1 ve Tablo 3.2.3.2).
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Tablo 3.2.3.1. HMPMDAP’nin 'H-NMR spektrumu verileri

Yapi Birimi Fonksiyonel Gruplara Bagh Hidrojenler
-OH -OH -CH=N- |-CH=N- |Have Hj |Hb ve Hi
Hd He
W m —/“ oo 13,24 ppm| 12,62 ppm |9.54 ppm |8.98 ppm |6.94 ppm | 7,18 ppm
4 5 B \ t> H 15 16
Ha{%c»l ¢y | 1TH 1H 1H 1H 2H 2H
mee o HOT oo | Tekli Tekli Tekli Tekli | ikili Tekli
Hc Hd He Hf Hg OCH@ OCH@
7,38 ppm 8,46 ppm 729 ppm |7.93ppm |7.50 ppm |3.79 ppm |3.84 ppm
1H 1H 1H 1H 1H 3H 3H
ikili ikili Teldi ikili | ikili
Tekli Tekli
Hd He
Hb He T B Hf =
N HH“g
-CH-N- o ey’ net 1
H
-CH=N- H;CO OH HO OCH,
Hb,Hi Ha Hj
He I
Hd uf Hg \ I}e :
. = A
T | T T | T T T T | T T T T | T T T T | T T T T | T T
95 9.0 8.5 8.0 75 70 PPM
-OH OH
.,
{ j L !
ppm ]2 10 8 G 4 2

Sekil 3.2.3.1. HMPMDAP’nin 'H-NMR Spektrumu
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Tablo 3.2.3.2. HMPMDAP’nin *C-NMR spektrumu verileri

Yap1 Birimi Yapidaki karbonlarin kayma degerleri (ppm)
Hd ), He C2, CIS'
Hb4  He N;:}llif H. Hi C] i C3 C4 CS C6 C7
JQL(; > /2 I‘I 14, = 17 OCH3_lpSO
Ha \ / I‘{: N Ng—i} ; Hj
mco” on W' ocw, | 148.50 |150.94 119.49 |116.18 |124.46 |119.17 |166.40
C8 C9 C10 Cll1 C12 C13 Cl4 C15 Cleé C17
148.40 147.13 |124.02 |129.60 |139.38 164.79 |119.28 |124.88 |116.38 |119.95
C19-ipso C20 C21
152.24 56.20 |56.09
9 10
H 11
A S Il{ 15 16
& 14
C: —
| N_lg 17
21 1 H 1 12 o
HyCO OH HO OCH;
C17, 03, 014, Ch (respectively)
1 C3
10
Cz, C12 \01 C8 oL / / cg\n 21
C16 b
o7 C12 s
C13 \ \ e e |_ca
| T T T I | T T T T | T T T |
175 Ppm 150 125 a0

Sekil 3.2.3.2. HMPMDAP’in *C-NMR spektrumu

Sekil 3.2.3.2. HMPMDAP’nin “C-NMR spektrumu incelendiginde 166.40 ppm ve 164.79

ppm’de azometin karbonlarina ait sinyaller; 148.50 ppm ve 152.24 ppm’de hidroksi

gruplarinin bagl bulundugu karbon atomlarina ait sinyaller; 56.20 ppm ve 56.09 ppm’de ise

metoksi gruplarma ait karbon sinyalleri goriiliir. Diger karbon sinyalleri Tablo 3.2.3.3.’de

ayrintili olarak verildi.
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Tablo 3.2.3.3. PHMPMDAP nin 'H-NMR spektrumu verileri

.OH |-OH |-CH=N- | HaveHj | HbveHi | He
ot CH=N-
Mo, He N " Mg Hi
I Q et 9.54 8.98
el e e )" 11304 112,62
mco” on wo' ocrs 1H 1H 6.50 - 7.50 arasinda
1H 1H
Tekli Tekli 2H 2H 1H
Tekli | Tekli .
Coklu pikler
Hc Hd Hf Hg OCH3 OCH3
770 8.38 8.07 |7.90 |3.82 3.82
1H 1H 1H 1H 3H 3H
ikili ikili Ikili i [ Tekli Tekli
Hd He
He He L y I—IE‘HHg -
- a g N:é{}m
o
H;CO O3 17 Ho O
Ha_ Hj. Hb, Hi, He
-CH=N- - o
Hd /
He Hc H
Il M
I T T T T I 1 1 1 I 1 1 1 1
o0 8.5 5.0 T.5 T PPIN

Sekil 3.2.3.3. PHMPMDAP nin 'H-NMR spektrumu

PHMPMDAP nin 'H-NMR spektrumunda 13,24 ppm ve 12,62 ppm’de —OH gruplarina ait

protonlar; 9.54 ppm ve 8.58 ppm’de ise -CH=N gruplarina ait protonlar gézlenirken aromatik

protonlar 6.50 - 7.50 ppm arasinda ¢oklu pikler halinde goriilmektedir (Tablo 3.2.3.4).
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Tablo 3.2.3.4. PHMPMDAP nin *C-NMR spektrumu verileri

Yap1 Birimi Yapidaki karbonlarin kayma degerleri (ppm)
C2,
Hd 9 10 He
Ho ,  He N Yl Hi C OCH;- Cs C4 C5 C6 C7
. o \ /2 ITI 15 16
Ha21 / E:N N:S 141‘ 18172})_lj lpSO
H;CO OH HO OCH;
149.97 |152.92 119.27 117.85 |123.48 |118.96 |166.40
C8 C9 C10 Cll1 C12 C13 Cl4 C15 Cl6 C17
149.05 149.26 |123.00 |132.03 |144.69 164.76 119.21 |127.60 |118.52 |120.52
C18-OCH3 |C19 C20 C21 Yeni pik | Yeni pik
152.34 154.33 |56.80 |56.05 |148.62 145.23
9_10
5 , N\ /211 . 5 iex,
VA T Q g
| 13
21 1 H 1 12 5,
Hzoo O—H HO OCH; ca1
new peaks for
C-C and C-0-C coupling fox) 14 oo
co on / ca -
C18
2 // — 12 N C16
19 =] 4
13 “\/C\l oy ©15
i
| I | | 1 1 I | I T T I T T T | | 1
PP 375 150 125 S0

Sekil 3.2.3.4. PHMPMDAP nin *C-NMR spektrumu

Tablo 3.2.3.4. PHMPMDAP’ nin >C-NMR spektrumunda griilen her bir karbon atomunun

sinyallerini gdstermektedir.

Bu verilere gore

monomerin “C-NMR spektrumunda

gozlenmeyen 148.62 ppm ve 145.23 ppm’de yeni C-C eslesmesi ile olusan sinyaller

gbzlenirken diger karbon atomu sinyallerinde fazla bir kayma olmadig: goriildii.
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3.2.4. HMPMDAP, PHMPMDAP ve onun Polimer-Metal Kompleks Bilesiklerinin DTA-
TG Analizleri

HMPMDAP ve PHMPMDAP 1In TGA-DTG-DTA termal analiz egrileri Sekil 3.2.4.1. ve
3.2.4.2. ve 3.2.4.3°de verildi. Monomerin ve polimerin TG egrilerinden ilk bozunma
sicakliklar1 sirastyla 296 ve 303°C olarak belirlendi. Hidrate su ise monomer ve polimerde
sirastyla 120 °C’ye kadar % 6 ve % 17 oraninda gozlendi. 1000°C’deki % kiitle kayb1 ise
monomer ve polimerde sirasiyla % 29,74 ve % 42,27 olarak hesaplandi. Bu sonuclara gore
polimer monomerden termal olarak daha kararlidir denilebilir. Bu durum polimer
molekiillerinde artan konjugasyona ve monomer birimleri arasinda C-C baginin olugmasina
atfedilebilir. TGA bilesiklerinde goriilen polimer metal komplekslerinin monomer ve
polimerlere gore yiliksek bozunma sicakligi, polimer ve metal iyonlar1 arasinda metal-oksijen
ve metal-azot baglarinin olustugunu gosterir. TGA ve DTG egrileri incelendiginde 100- 225
°C’de su molekiillerinin bozunmasina ait egriler goriliir. 50-150 °C aras1 bozunmalar
polimerdeki kristalize suyun eliminasyonunu, 150-200 °C’deki bozunmalar ise koordine
olarak baglanmis su molekiillerinin eliminasyonunu gdésterir. Bu ise bulunan ve hesaplanan
elementel analiz degerleri arasindaki farki gosterir. TG analizleri sonucu polimer metal
komplekslerinin 1000 C’deki termal dayanmikliliklart su sekildedir: PHMPMDAP-Cu>
PHMPMDAP-Fe> PHMPMDAP-Pb> PHMPMDAP-Zn> PHMPMDAP-Co. Tiim bilesiklerin

termal analiz sonuclar1 Tablo 3.2.4.1.’de verildi.

100 |
90
80
70 1
2
S 60
-
$ 50{ 1= HMPMDAP
! 2= PHMPMDAP
2 40 1 3= PHMPMDAP-Cu
~ 3 | 4=PHMPMDAP-Fe
5= PHMPMDAP-C'o 5
20 {  6=PHMPMDAP-Zn
o | 7= PHMPMDAP-Pb
0

10 100 200 300 400 500 600 700 800 900 1000
Temperature (°C)

Sekil 3.2.4.1. HMPMDAP, PHMPMDAP ve PHMPMDAP metal komplekslerinin TGA

egrileri
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Sekil 3.2.4.2 HMPMDAP, PHMPMDAP ve PHMPMDAP metal komplekslerinin DTG

egrileri

1= HMPMDAP
2= PHMPMDAP

3= PHMPMDAP-Cu
- 4= PHMPMDAP-Fe
- 5= PHMPMDAP-Co
6= PHMPMDAP-Zn
7= PHMPMDAP-Pb
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Sekil 3.2.4.3. HMPMDAP, PHMPMDAP ve PHMPMDAP metal komplekslerinin DTA

egrileri
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Tablo 3.2.4.1. HMPMDAP, PHMPMDAP ve onun polimer-metal kompleks bilesiklerinin

termal analiz sonuclar1

TGA DTA
Bilesikler Ton  "Wma T 20% kiitle 50% kiitle % kalintt exo endo
kaybi kaybi 1000°C’de
HMPMDAP 296 345 323 375 29.74 206 141
PHMPMDAP 303 340 345 506 42.27 300 -
PHMPMDAP-Cu 304 342 374 - 58.06 - -
PHMPMDAP-Zn 282 329,690,863 458 880 40.90 - -
PHMPMDAP-Fe 332 407,621,841 538 - 56.87 - -
PHMPMDAP-Pb 193 267,592 466 968 41.57 - -
PHMPMDAP-Co 290 332, 581 457 737 32.19 - -

*flk bozunma sicakhigi "Maksimum kiitle kaybinin gozlendigi sicaklik

3.2.5. HMPMDAP, PHMPMDAP ve PHMPMDAP-Metal Komplekslerinin UV-vis
Spektrofotometresi Ol¢iimlerinden Optik Bant Bosluklarinin Hesabi

3-bis[(2-hidroksi-3-metoksifenil) metilen]diaminopiridin ve oligomerinin ve oligomer-metal
komplekslerinin Sekil 3.2.1.1. ve 3.2.1.2°’de yer alan absorbsiyon spektrumlar1 kullanilarak
hesaplanan optik band boslugu degerleri Tablo. 3.2.5.1.’de verildi. Optik bant boslugu (£,)
degerleri HMPMDAP, PHMPMDAP, PHMPMDAP-Cu, PHMPMDAP-Co, PHMPMDAP-
Zn ve PHMPMDAP-PD bilesikleri i¢in sirastyla 2.94, 2.80, 2.36, 2.05, 2.40 ve 2.45 bulundu.
Bu degerlere gore PHMPMDAP-Co’in £, degerinin monomer, polimer ve polimer-metal

komplekslerinden daha diisiik oldugu gozlendi.
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Tablo 3.2.5.1. PHMPMDAP, PHMPMDAP ve PHMPMDAP-metal komplekslerinin E, (eV),

Amax (NM) Ve Agnset (nm) degerleri

Uriinler Atnax (1IT1) Eg(eV) | honset (Nm)
HMPMDAP 206, 223, 282, 335 2.94 422 .45
PHMPMDAP 227,271,295, 308, 332 |2.80 443.57
PHMPMDAP-Cu |262, 312, 358, 437 2.36 526.27
PHMPMDAP-Co |268, 306,418 2.05 605.85
PHMPMDAP-Zn |258, 307, 332, 429 2.40 517.50
PHMPMDAP-Pb |261, 309, 330, 347 2.45 506.94

3.2.6. Elektriksel iletkenlik Ol¢iimleri

Elektriksel 6zelliklerini incelemek igin, sentezlenen maddelerin, 1687.2 kg/cm” basing altinda
peletleri hazirland1. Peletler iizerine belirlenen siirelerle iyot dop edildi. Iyotla dop islemi, bir
desikatdrde oda sicakliginda ve atmosferik basing altinda peletlerin iyot buharlarina maruz
birakilmasi seklinde gerceklestirildi.

HMPMDAP, PHMPMDAP iyot ile dop edilmeden énceki iletkenlik degerleri 6.89 x10™'" ve
9.01 x 10" S.em™ degerlerinde oldugu gériildii. Iyotla dop edilmeye basladiktan sonra ve
iyotla dop siiresi arttikca iletkenlik ilk giin sonunda keskin bir sekilde artti, sonra ilerleyen
giinlerde iletkenlik artiginda bir azalma gozlendi ve iletkenlik degeri 10” S/cm degerinde

hemen hemen sabit kalmisdigi goriildii. (Sekil 3.2.6.1. ve Tablo 3.2.6.1. ve Tablo 3.2.6.2).

42



107 1

=

L=

@

£

&

g=

2 10, & — Monomer

g ) m — polimer

[

1D'11 T T T T T T 1
0 24 48 72 9% 120 144 168
Time (h)

Sekil 3.2.6.1. Iyot ile doplanmis HMPMDAP, PHMPMDAP’1n 25 °C’deki iletkenlik egrileri

Sekilde de goriildiigii gibi iletkenlikte 24 saat sonunda keskin bir artig gézlendi. Yaklasik 90
saat doplamadan sonra iletkenlik sabit kaldigi goriildii. En yiiksek iletkenlik degeri,
PHMPMDAP i¢in 3.67x 10" S/cm olarak bulundu. Dopant miktarina bagl olarak iletkenligin
artmasi, polimerler ile iyot molekiilleri arasinda yiik-transfer olayimin stireklilik kazanmasi ile
aciklanabilir.

Tablo 3.2.6.1. iyot ile doplanmis HMPMDAP, PHMPMDAP’in 25 °C’deki iletkenlik
degerleri (x10™'' S.cm™)

zaman(s) | Monomer | Polimer
0 6.89 9.01
24 47.8 111
48 61.1 278
72 63.3 311
96 65.6 333
120 66.7 344
144 66.7 367
168 66.7 367
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Tablo 3.2.6.2. iyot ile doplanmis PHMPMDAP-metal komplekslerinin 25 °C’deki iletkenlik

degerleri (x10™'° S.cm™).

Siire Bakar Demir Kobalt Kursun Cinko
(saat)

0 1.103 2.293 0.933 1.103 1.136
24 31.98 212.4 28.85 50.20 17.62
48 331.5 605.9 205.5 199.9 47.29
72 609.9 795.9 548.8 414.7 72.30
96 698.5 958.4 762.7 625.1 103.6
120 721.9 1040 866.0 935.1 138.9
144 740.8 1069 9334 1202 170.6
168 750.6 1078 955.3 1249 193.5

Diaz et al. (1999), Schiff bazi polimerlerin iyotla dop edilmesi ile ilgili olarak bir iletkenlik
mekanizmasi1 Onermistir. Azot molekiilleri ¢cok elektronegatif bir element oldugu icin iyot

molekiilleri ile koordinasyona girme kapasitesine sahiptir.

I\
\I\
\I\ _
N
\ / H
|
o |
H;CO Oy H I [ HO OCH;4
I I
B B
I I

Polimerlerin iyotla dop edilmesi siiresince iyot molekiillerinin yapiya yukarida gosterilen

sekilde belirtildigi gibi koordine oldugu belirtilmistir (Diaz ve ark.).
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Sekil 3.2.6.2. PHMPMDAP-metal komplekslerinin 25 °C’deki iletkenlik egrileri

PHMPMDAP-Cu, PHMPMDAP-Co, PHMPMDAP-Zn, PHMPMDAP-Pb, PHMPMDAP-Fe
komplekslerinin iletkenlik degerleri sirasiyla 7.51x 10'8, 9.55x 10'8, 1.94 x 10'8, 1.25x 107
and 1.08 x 107 S/cm olarak 6lgiildii. Bu degerlere gore en biiyiik iletkenlik degeri kursun

kompleksinde goriildii.

Sonuclardan goriildiigii gibi polimerin elektriksel iletkenligi monomerden yiiksektir. Bu
durum polimerdeki konjugasyonun artmis olmasma baglanabilir. Artan konjugasyon
iletkenligin artmasina sebep oldugu literatiir kaynaklar1 ile desteklenir. Polimer metal
komplekslerinin iletkenlik egrileri incelendiginde ufak detaylar gézardi edilirse egriler hemen
hemen birbirinin aynisidir. Bununla birlikte metalin organik polimere katilmasi iletkenliginin

artmasina sebep olmustur.

Elektriksel iletkenlik sonuglari, sentezlenen tiim bilesiklerin tipik yar1 iletken 6zellige sahip
oldugunu gostermektedir.

3.3.1. PBNMBMP ve OPBNMBMP FT-IR Spektrumu

PBNMBMP ve OPBNMBMP’nin FT-IR spektrumlarinda (Sekil 3.3.1.1. ve Sekil 3.3.1.2), -
OH grubuna ait karakteristik gerilme titresimi 3352 cm™ de, Schiff bazlari i¢in karakteristik
Ar-CH=N (Azometin) gerilme titresimi 1606 cm™ de ve aromatik C=C gerilme titresimi ise

1576 ve 1508 ve 1464 cm™ de gozlendi. Monomerde ise OH grubuna ait karakteristik
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gerilme titresimi 3342 cm™ de, Ar-CH=N (Azometin) gerilme titresimi 3342 cm™ de ve
aromatik C=C gerilme titresimi ise 1578 ve 1508 ve 1460 cm™ de gozlendi. Azometin ve
diger fonksiyonlu gruplarin dalga boyundaki kayma degerleri konjugasyonun olustugunu

gostermektedir.

91,3

85

1748,15
804 188955
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65 ]
60 1508,10

116,06
55 | |
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Sekil 3.3.1.1. PBNMBMP’nin FT-IR spektrumu
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Sekil 3.3.1.2. OPBNMBMP’nin FT-IR spektrumu

Tablo 3.3.1.1. PBNMBMP ve OPBNMBMP, OPBNMBMP-Cu bilesiklerine ait FT-IR

spektral verileri

Bilesikler Dalga sayisi (cm™)

-OH -CH=N -C=C -C-O Metal-O Metal-N
PBNMBMP 3377 1604 1578, 1508, 1460 1249 - -
OPBNMBMP 3352 1606 1576, 1508, 1464 1252 - -
OPBNMBMP-Cu 3453 1604 1583, 1541, 1497 1234 570 645

3.3.2. PBNMBMP ve OPBNMBMP’nin 'H-NMR Spektrumu

3.3.2.1. PBNMBMP’mn '"H-NMR Spektrumu

PBNMBMP’nin 'H-NMR spektrumuna bakildiginda (Sekil 3.3.2.1.); spektrumdan beklenen
karakteristik -OH, ve -CH=N gruplarina ait protonlar 13,21 ppm, 9,03 ppm’ de gdzlenirken -

aromatik protonlar 6,93 ppm ile 7,55 ppm arasinda gozlendi. Yapmin simetrik oldugu 'H-
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NMR spektrumundan da kolaylikla goriilebilir. Fonksiyonlu gruplara bagli hidrojenler Tablo

3.3.2.1. ve Sekil 3.3.2.1.”de verildi. Bu verilerden yararlanarak PBNMBMP’in asagidaki yap1

birimlerine sahip oldugu sonucuna varildi.

Tablo 3.3.2.1. PBNMBMP’1in '"H-NMR spektrumu verileri

Yapi Birimi Fonksiyonel Gruplara Bagh Hidrojenler
e, b -OH -CH=N- Ha Hb Hc Hd
%}@{/ ) 9,03ppm | 7,55 ppm | 7,27 ppm | 6,93 ppm
mco”  on W’ oen, | 13,21 ppm 1i-I PP 4’H PP l’H PP l’H PP 7,15 ppm
1H . . - P 1H
. Tekl Tekl Ikil \ o
Tekli o o o Uslu Ikili
-OCH;
3,84 ppm
3H
Tekli
A H
rTr | |||||||||||||||||| T | ||||||||||||||||||| [TTTTTTTTTTTTITTT
14 ppm 12 10 U

1.0000

Sekil 3.3.2.1. PBNMBMP’1in '"H-NMR spektrumu
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Tablo 3.3.2.2 PBNMBMP’1n *C-NMR spektrumu verileri

Yapi Birimi Yapidaki karbonlarin kayma degerleri (ppm)

H b

AT ; Ci C2-ipso | Cs C4 Cs5 Cé6-ipso |C7
SO0

fheo ! 151.01 | 148.38 |116.10|119.14 |124.37 |119.74 |163.77

C8-ipso |C9 C10

146.97 |123.02 |56.36

175 150 125 100 75 50 ppm 25

Sekil 3.3.2.2. PBNMBMP’in *C-NMR spektrumu

PBNMBMP’in C-NMR spektrumu’na bakildiginda ilk 6nce 151.01 ppm’de hidroksi
grubunun bagli oldugu C atomuna ait *C-NMR sinyali , 148.38 ppm’de metoksi grubunun C
atomuna ait "C-NMR sinyali, 163.77 ppm’de azometin grubunun bagli oldugu C atomuna ait
BC-NMR sinyalleri , 116.10 ile 146.97 ppm arasi aromatik karbonlara ait "*C-NMR

sinyalleri gbzlenmektedir. Metksi grubunun karbonu ise 56.36 ppm’de goriilmektedir.

Tablo 3.3.2.3. OPBNMBMP’nin 'H-NMR spektrumu verileri

-OH |-OH |-CH=N |-CH=N |Ha | Hb He
R S 1300 |03 8,85 704|726 | 755  2H
Ha cN@Nﬂ~{§ 13,91H lH, 1H 1H 1H, |1H, Ikili
Hco” on A | Tekli | | Tekli Tekli ikili | Ikili
He Hf Terminal, | Terminal, | OC | OCHj;
Hd H H H;
722 16,86 [6.93 7,14 3,84 | 3,81
6,63 1H g e |11 3H |[3H
2H . Uclu 3
, Ikili Uclii Tekl | Tekli
ikili ;
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Tablo 3.3.2.4. OPBNMBMP’1n >C-NMR spektrumu verileri

Yap1 Birimi Yapidaki karbonlarin kayma degerleri (ppm)
. g ~. el 3Q Cl-ipso C2-C17- C3 .C4_ C5 .C6_ Cc7
—N S 4o 1pso 1pso 1pso
mco” o o 1151.02 |149.21 114.60 |119.15 |136.03 [119.75 [163.77
C8-ipso C9 Cl1- C12 C13- Cl4 C15- C16 C18-
ipso ipso ipso ipso
148.38 122.88 [123.03 |148.26 |157.83 119.99 |124.38 |123.82 [118.72 [150752
C19 C20 Yeni Yeni pik
pik
56.36 56.27 115.00 |116.10
I T I T T T T T T I T T T I T T T I T T T I
175 150 125 100 75 50 ppm 25

Sekil 3.3.2.3. OPBNMBMP’mn *C-NMR spektrumu

Sekil 3.3.2.3.incelendiginde OPBNMBMP’1n nin *C-NMR spektrumu sinyallerinin sayisinda

artis oldugu goriilmektedir. Bu ise monomerdeki simetri yapisinin polimerde bozulmasindan

kaynaklamr. Ayrica 115.00 ve 116.00 ppm’de monomerin “C-NMR spektrumunda

gozlenmeyen C-C eslesmesine ait yeni karbon sinyalleri goriilmektedir. Tablo 3.3.2.4.’de ise

her bir karbon atomuna ait sinyaller ayrintili olarak verildi.
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Sekil 3.3.2.4. OPBNMBMP’in 'H-NMR spektrumu

Sekil 3.3.2.4°de OPBNMBMP’in 'H-NMR spektrumu incelendiginde ve 12-14 ppm
arasindaki hidroksil gruplarinin integrasyon alami gozoniine alindiginda polimerlesmenin
baglica C-C baglanmas:1 seklinde gergeklestigini aynt zamanda C-O iizerinde de
polimerizasyonun az da olsa gergeklestigi goriilebilmektedir. Yine spektrumda 6-8 ppm arasi
aromatik halkaya ait hidrojen pikleri; 8.85 ile 9.03 ppm’de ise azometin gruplarina ait pikler

goriilmektedir.
3.3.3. PBNMBMP ve OPBNMBMP’nin DTA-TG Analizleri

Poli(Schiff baz)larinin yiliksek sicakliklara karsi davranislart yapilan bir¢ok calisma ile
incelenmistir (Patel ve Patil, 1981, Karampurwala ve ark., 1981, Ragimov ve ark., 1989, Kaya

ve ark., 2001, Cianga, 2006).
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Bu calismada, sentezlenen monomer ve oligomerlerin azot ortaminda termal dayanikliliklari
arastirildi. Analizler N, atmosferi altinda 20-1000°C’de araliginda ve 10°C/dak 1sitma hizinda
yapildi. PBNMBMP ve OPBNMBMP’nin TG-DTG-DTA termal analiz egrileri Sekil 3.3.3.1
ve 3.3.3.2°de verildi. Monomer ve oligomerin TG egrilerinden ilk bozunma sicaklig1 degerleri
sirastyla 299 ve 312°C olarak belirlendi. Bu degerlere gore oligomerin baslangic bozunma
sicakligr monomerden daha yiiksektir. Ayrica, absorpsiyon halindeki su molekiilleri 50-100°C
aras1 sicakliklarda, kristal yapidaki su molekiilleri ise 100-150°C arasi sicakliklarda yapidan
uzaklagtirilabilmektedir (Kaya et al. 2006). 50-100°C aras1 sicaklikta gdzlenen %3-4’liik kiitle
kaybinin absorbe haldeki su molekiillerinin uzaklagsmasindan kaynaklanmaktadir.

Kiitle kaybmm %20 oldugu sicaklik oligomerde 338 °C, monomerde 332 °C olarak
gozlenirken, kiitle kaybinin %50 oldugu sicaklik da sirasiyla oligomer ve monomer icin 918
ve 653 °C olarak gozlendi. 1000°C’deki % kiitle kaybi ise oligomerde 50,23 monomerde ise
62,20 olarak bulundu. Bu degerlere gore oligomer, monomere gore termal olarak daha
kararlidir denilebilir. Bu kararlilik oligomerdeki konjugasyonun artmasi ile iligkilendirilebilir.
Ana zinciri sigma-baglari ile baglanmis ve yan dallarinda Schiff baz gruplar i¢eren poli(2-H-
4-ABPI) bilesigi, 700°C’de kiitlesinin tamamini1 kaybetmistir (Kaliyappan et al. 2004). Ana
zincirinde -CH=N- grubu bulunan poli(Schiff baz)lar1 ise 300-400°C gibi yiiksek sicakliklarda
bozunmaya baglamalarina karsin, 700°C’ye ulasildiginda kiitlelerinin tamamini kaybettikleri
gozlenmistir. Yiiksek molekiil kiitlelerine sahip olmalarina ragmen, geride hi¢ karbon artik
birakmamaktadirlar. TG ve DTA analizlerine gore; sentezlenen bilesikler sicaklik ve
bozunmaya karsi yiiksek kararlilik gostermistir. Bu bilgiler 1s18inda sentezlenen bilesikler
termal kararlilik ve grafit materyal 6zellikleri tasimaktadir. Bu 6zellikler teknolojik kullanim

acisindan énemlidir (Ionova, 1981).
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Sekil 3.3.3.1. PBNMBMP TG-DTG-DTA egrisi
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Sekil 3.3.3.2. OPBNMBMP TG-DTG-DTA egrisi

3.3.4 Coziiniirliik

Sentezlenen bilesiklerin ¢oziiniirliik testleri ¢esitli ¢oziiciiler igerisinde yapildi. Testler
0,Img/1 ml konsantrasyonunda gerceklestirildi. Coziiniirliikk test sonucglar1 Tablo 3.3.4.1 ve
Tablo 3.3.4.2.’de verildi. HMPMDAP; DMF, THF, DMSO, etanol, etil asctat, metanol,

kloroform, heksan, aseton, der.H,SO4 ve sulu KOH’da ¢ok iyi ¢oziinmektedir. Toluende ise
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kismen ¢oziinmektedir. PHMPMDAP ise DMF, THF, DMSO, der.H,SO4 ve sulu KOH’da
¢oziinmektedir. Etanol, etil asetat, metanol, kloroform, heksan, aseton ve toluende ise
¢Oziinmemektedir.

Tablo 3.3.4.1. Sentezlenen monomer ve polimerlerin ¢oziiniirliik testleri

g 3 § = ) 2
—_ Q

=l |2 | |2 |5 |2 |2 |8 |8 |5 |Z

= | = = = = S S S 2 = o 5

a | R a = = = < = < = 2 a
HMPMDAP + |+ + + + + + + + A- |+ +
PHMPMDAP + |+ + - - - - - - - + +
PBNMBMP + |+ + + A+ [ A+ [ A+ | A+ | A+ | A+ | + +
OPBNMBMP | + |+ + A+ | - A+ |- - S5- |- + +
+ : ¢oziinmekte A+ : sicaklik etkisi ile ¢oziinmekte
0- : kismen ¢oziinmekte A-:sicaklik etkisi ile ¢oziinmemekte - : ¢oziinmemekte

Sentezlenen polimerlerin, reaksiyon sonunda reaksiyona girmeden kalan monomerlerden
ayrilmasinda ¢ozilinlirliik farkindan yararlanildi. Reaksiyona girmeyen monomerler bu
¢Oziinilirliik farkindan yararlanilarak, yani monomeri ¢6zen, polimeri ¢ozmeyen bir ¢oziicii
yardimiyla ortamdan uzaklastirildi. Monomerlerle polimerlerin farkli ¢éziiciilerde ¢oziinmesi
de polimerizasyon reaksiyonunun gerceklestiginin bir kanitidir. Metal komplekslerinin
¢oziiniirliikleri ise monomer ve polimere oranla belirgin derecede diistiigii goriildii. Metal

komplekleri i¢in ¢dziiniirliik degerleri tabloda verilmistir.

Tablo 3.3.4.2. Sentezlenen polimer- metal komplekslerinin ¢oziiniirliik testleri

<
- £ 0
£ E S = ? 2
Q S 2 £ 5 i £ 5 = T
= = n = = 8 = 2z - = =n) i
= s = S = g = o) 3 = o oy
8 |F | |R |R |2 |¥ |2 |< | | ¥ |0
PHMPMDAP Cu A+ _ - _ _ - - - - - - +
PHMPMDAP -Co A+ _ 8_ - - - - - - - - +
PHMPMDAP Zn A+ _ 6_ _ _ _ - - - - - +
PHMPMDAP —Ni A+ _ 6_ - _ - - - - - - +
OPBNMBMP -Pb A+ _ 8_ - - _ - - - - - +
+ : ¢oziinmekte A+ sicaklik etkisi ile ¢oziinmekte
0- : kismen ¢oziinmekte A-:sicaklik etkisi ile ¢oziinmemekte - ¢oziinmemekte
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3.3.5. Sentezlenen Bilesiklerin SEC Analizleri

Sentezlenen bilesiklerin molekiil agirligi dagilimi  Shimadzu marka 10AVP model
kromatografi cihazi kullanilarak gerceklestirildi. Hareketli faz olarak DMF (0.4 ml/dak) ve
dedektor olarak da refraktif indeks dedektér (RID) kullanildi. Elde edilen sonuglar Tablo
3.3.5.1. ve Tablo 3.3.5.2’de verildi. NaOCl oksidanti ile elde edilen OPBNMBMP
oligomerinin biiyiiklilkce ayirma kromatografisine (SEC) gore; sayica ortalama molekiil
agirhigr (M,), agirlik¢ca ortalama molekiil agirligi (My,) ve heterojenlik indeksi degerleri sirasi
ile 1300 g mol™, 1500 g mol” ve 1,154 olarak hesaplandi. Aym degerler hava oksijeni
kullanildiginda siras1 ile 1500g mol™, 1900 g mol” ve 1,267 olarak hesaplanmistir. Bu
degerler 50°C’de 1saat ve [BNMBMP];=[KOH];=[NaOCl];=0.027 mol/L, derisimlerinde ve
hava oksijeni i¢in [BNMBMP]y=[KOH](=0.027 mol/L at 50°C de 1saat sonucundaki analiz

verilerine gore belirlendi.

Tablo 3.3.5.1. OPBNMBMP‘nin sayica ortalama molekiil agirligi (M,), agirlikca ortalama
molekiil agirligi (My,), polidispersite indeks (PDI) ve % degerleri

Molekiil Agirligi Dagilim Parametreleri

Toplam  Fraksiyon I Fraksiyon II Fraksiyon III

Bilesikler M, M, PDI M, M, PDI % M, M, PDI % M, M, PDI
%

OPBNMBMP' 1500 1900 1.267 1100 1600 1.455 95 38600 45400 1.176 5 - - - -
OPBNMBMP®> 1300 1500 1.154 900 1050 1.167 90 1900 2100 1.105 5 60000 66500 1.108 5

1= Hava oksijeni oksidanti.; 2= NaOCI oksidant1

NaOCl oksidantt ile elde edilen PHMPMDAP oligomerinin biiyliklikce ayirma
kromatografisine (SEC) gore; sayica ortalama molekil agirhigi (M,), agirlikca ortalama
molekiil agirligi (My) ve heterojenlik indeksi degerleri sirast ile 6200 g mol™, 6900 g mol™ ve
1,113 olarak hesaplandi. Aym degerler hava oksijeni kullanildiginda sirasi ile 5400 g mol™,
7700 g mol™ ve 1,426 olarak hesapland. Yiikseltgen olarak hidrojen peroksit kullamldiginda
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sirast ile 4100 g mol™, 16200 g mol™ ve 3.951 olarak hesaplandi. Bu degerler 50°C’de 1 saat
ve [HMPMDAP],=[KOH]y=[NaOCl]y=0.014 mol/L, derisimlerinde ve hava oksijeni i¢in
HMPMDAP],=[KOH];=0.014 mol/L at 60°C de 1 saat sonucundaki analiz verilerine gore

belirlendi.

Tablo 3.3.5.2. PHMPMDAP ‘nin sayica ortalama molekiil agirhigi (M,), agirlik¢ca ortalama
molekiil agirligr (My,), polidispersite indeks (PDI) ve % degerleri

Molekiil Agirligr Dagilim Parametreleri

Toplam Fraksiyon I Fraksiyon II Fraksiyon I11

Bilesikler M, M, PDI M, M, PDI % M, M, PDI % M, M, PDI
%

PHMPMDAP' 6200 6900 1.113 7500 9000 1.200 60 9300 11500 1.237 20 62000 64800 1.045 20
PHMPMDAP? 4100 16200 3.951 600 900 1.500 60 19800 79800 4.030 40 - - - -
PHMPMDAP? 5400 7700 1.426 750 1000 1.333 45 8000 12900 1.613 45123500 1698001.375 10

1= Hava oksijeni oksidanti.; 2= NaOCIl oksidant1 , 3=Hidrojen peroksit oksidanti

60%0
0o 2 4 6 8 10 12 14 16 18 20 22 24

Retention tine (1unute)

Sekil 3.3.5.1. PHMPMDAP’ 1 SEC Kromatogrami

56



Bu degerlerden ve ylriitiilen reaksiyon sonuglar1 goz Oniine alindiginda su ¢ikarimlar elde
edildi. Reaksiyon sicakliklari ve siireleri arttiginda yiiksek molekiil agirlikli bilesikler
meydana geldigi goriildi. Bu durum olast olarak ortamda bulunan radikallerin tekrar
reaksiyon ortaminda bulunan oligomerlere katilmasindan kaynaklanir. Yiiksek molekiil
agirlikli bilesikler olusmasina karsin tiriin ylizdeleri azaldi. Genellikle yiikseltgen materyal
olarak sodyumhipoklorit kullanilan reaksiyonlarda iiriin doniistim yiizdeleri fazla olmakla
beraber molekiil agirliklar1 diistiktiir. Buna karsilik yiikseltgen olarak hidrojen peroksit
kullanilan deneylerde ise molekiil agirliklar1 artmaktadir. Molekiil agirliklarinin artist SEC
analizlerine paralel olarak {iriin renginin koyu renklere biiriinmesinden de anlasilabilir. Koyu
kahverengiden siyah renge dogru kayan renkler yiiksek molekiil agirligina isaret eder. Bu
durum olas1 olarak yapida bulunan OH gruplarinin monomerden fazla olmasi ve goriiniir
bolgede absorbsiyon vermesi esasina baglanabilir. Buna ilaveten bilesiklerin ayni sartlardaki
cozlintirliiklerinin azalmasi da bu diislinceyi destekler.

3.3.6. Sentezlenen Bilesiklerin Anti-mikrobiyal Ozelliklerinin Incelenmesi

Sentezlenen maddelerin antimikrobiyal 6zelliklerini incelemek i¢in bu maddelerin DMF’de
(1,0 mg/1,0 mL) ¢dzeltileri hazirlandi. Bu maddelerin antimikrobiyal aktivitesi disk diffiizyon
metodu kullanilarak test edildi. Bu ¢ozeltilerden 25 puL mikropipet yardimiyla alinarak, 6 mm
capindaki bos steril antibiyotik disklere (Schleicher & Shiill No: 2668, Almanya) emdirildi.
Kontrol olarak da DMSO emdirilmis diskler kullanildi. Sentezlenen monomer ve polimerin
tek konsantrasyondaki dozlar1 test mikroorganizmalarma kars1 farkli inhibisyon zonlar

gosterdikleri gézlendi ve sonuglar Tablo 3.3.6.1.°de verildi.
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Tablo 3.3.6.1. Sentezlenen bilesiklerin anti-mikrobial etkileri

Bakteriler
(Inhibisyon Zonu, mm)
Sira 8
Maddenin Ad: g %
Nu. bt £
2 S 2 =)
— a5 [ = c
3> — 5 o] o
o = ®© 2 1S
L n o o —
1 HMPMDAP 12 8 12 12 0
2 OHMPMDAP 18 8 0 12 8
3 PBNMBMP 14 15 8 10 8
4 OPBNMBMP 8 8 14 16 12
5 HMPMDAP -Cu 0 0 8 0 0
6 HMPMDAP -Co 0 0 0 0 0
7 HMPMDAP-Pb 0 0 0 0 0
8 HMPMDAP -Ni 0 0 8 0 0
9 HMPMDAP -Zn 0 0 0 0 0

Polimer-metal komplekslerinin DMSO’da tam olarak ¢6ziinmemesine ragmen ¢oziinebilen
kisimlart ile antimikrobiyal c¢aligmalari yiiriitildi. Bu ise bize metal komplekslerinin
antimikrobiyal 6zelligi hakkinda bilgi vermesi agisindan énemlidir. Tablodan da gorildugi
gibi  metal kompleksleri secilen mikroorganizmalara karsi O6nemli bir direng
gostermemektedir. Sadece nikel ve bakir kompleksinin P. Auregenosa bakterisine kars1 zayif
diren¢ gosterdigi belirlendi.

HMPMDAP bilesigi L. Monoyctoges bakterisi disinda diger bakterilere karst direng
gosteritken, OHMPMDAP bilesigi monomerine oranla E.Coli bakterisine kars1 daha fazla
direng gosterdi. Bu bilesikler S. Aureus ve B. Subtilis bakterilerine kars1 da yapilan testte
hemen hemen ayni etkiyi gosterdiler.

PBNMBMP ve OPBNMBMP tiim bakterilere kars1 dire¢ gostermekle beraber; PBNMBMP
bilesigi E. Coli ve S.aureus bakterilerine karsi monomerlere nazaran daha fazla direng

gosterdi. Diger bakterilere karsi ise bu bilesigin polimerinin daha etkili oldugu gézlendi.

58



4. SONUCLAR

Yapilan bu ¢alismada HMPMDAP ve PBNMBMPnin oksidatif polikondenzasyon reaksiyon
sartlar1 ve olusan iirlinlerin Ozellikleri incelendi. HMPMDAP’1n degisik sicakliklarda ve
reaksiyon siirelerinde, bazik sulu ortamda hava oksijeni ve NaOCl ile etkileserek koyu kahve
renkli radikaller olusturdugu gozlemlendi. Reaksiyon sartlar1 ve oksidantlarin tiirii degistikge
dontlistim {riinlerinin miktarinin degistigi goézlemlendi. Reaksiyon sartlar1 ve olusan {iriin
yapilar1 g6z Oniine alindiginda sadece amin gruplar farkli olan vanilin monomerlerinden
tiiretilen bu polimerlerden; HMPMDAP nin iiriinlerinin daha yiiksek molekiil agirlikli oldugu
ve doniisiim oranlarinin daha yiiksek oldugu goze carpar. SEC kromatogram sonuglarindan da
bu durumun dogrulugu daha kolay gozlenebilir. Bu ise 2,3-diamino piridinin, p-fenilen
daiminden daha fazla oksidatif polimerizasyona yatkin oldugunu gg@sterir. Bundan once
piridinlerle yapilan c¢aligmalarda da piridin iceren monomerlerin doniisiim yiizdesinin ve
molekiil agirligmmin daha yiiksek oldugu sonucuna varilmig ve buna istinaden spektral
analizlerinin yorumlanmasinda sorunlar olustugu goze ¢arpmustir.

Bilesiklerin termal kararliliklar1 incelendiginde monomerlerine nispeten polimerlerin termal
bozunmaya karst daha dayanikli oldugu belirlendi. Literiirde Daimin ve dialdehit
bilesiklerinden polikondenzasyon yontemi ile elde edilen poliazometin bilesiklerininden her
iki polimerin de daha fazla termal kararlilik gosterdikleri 1000°C’deki kalint1 miktarlarina
bakilarak rahatlikla sdylenebilir. Optik ve elektriksel 6zellikleri bilesiklerin tipik birer yari
iletken olduklarmi ve doplanma ajanlar1 ile doplanan bilesiklerin iletkenliklerinin artig1
belirlendi. Monomer ve polimerler ve polimer metal-komplekslerinin Bacillus Subtilis ATCC
6633, Listeria Monocytogenes NCTC 5348, Pseudomena Aerugenosa ATCC 15442,
Staphylococcus Aureus ATCC 25923, Escherichia Coli ATCC 11229 bakterilerine karsi
aktiviteleri incelendi. Ayrica PHMPMDAP bilesigi nikel iyonunun spektrofotometrik olarak
tayininde yeni bir ligand olarak kullanildi. Sonuglar diger kullanilan reaktiflerler

karsilastirildi.
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Oz:

Bu calismada, o-vanilin ile 2,3 diaminopridin ve p-fenilendiaminin kondenzasyon
reaksiyonundan Schiff bazlar1 elde edildi. Sentezlenen monomerler NaOCl, H,O, ve hava
oksijeni ile bazik ortamda polimerlerine doniistiiriildii. Prosesin temel degerleri ve
optimum reaksiyon kosullar1 belirlendi. Sentezlenmis {iriinlerin yapilar1 element analizi,
FT-IR, 'H-NMR, "“C-NMR ve UV-vis spektrumlarindaki verilerinden faydalanarak
belirlendi. "H-">C-NMR verilerine gore; polimerizasyon, monomerlerin -OH gruplaria
gore, para ve oksifenilen konumlarindan gerceklesmektedir. Biiyiikliikge ayirma
kromatografisine (SEC) gore, PHMPMDAP’in sayica ortalama molekil agirligi (M,),
agirlikca ortalama molekiil agirligi (My,) ve heterojenlik indeksi degerleri hava oksijent,
NaOCl ve H,0, yiikseltgenlerine gore sirast ile 6200, 4100 ve 5400g mol”, 6900, 16200
ve 7700 g mol™ ve 1,113, 3,951, 1,426 olarak hesaplandi. SEC analizlerine gore,
OPBNMBMP’in sayica ortalama molekiil agirhigr (M,), agirlikca ortalama molekiil
agirligir (My,) ve heterojenlik indeksi degerleri NaOCIl ve hava oksijeni oksidantlariyla elde
edilen iiriinler agisindan sirast ile 1300 g mol™, 1500 g mol™: 1900, 1500 g mol™ ve 1.267
ve 1,154 olarak hesaplandi. Ayrica, DTA ve TG analizleri sentezlenen polimerlerin
monomerlerine gore termal bozunmaya karsi daha dayanikli oldugunu gosterdi.
Polimerlerin dort nokta prob teknigi ile iletkenlik 6zellikleri incelendi. Monomer, polimer

ve polimer-metal komplekslerinin bazi se¢ilmis bakterilere kars1 anti-mikrobial aktiviteleri
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belirlendi.Ayrica sentezlenen PHMPMDAP bilesigi gidalarda nikel iyonunun
spektrofotometrik olarak tayini i¢in yeni bir ligand olarak denendi ve elde edilen ¢alisma

sonuclar1 degerlendirildi.
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ABSTRACT: The oxidative Ivcondensation  reaction
conditions of 2-methoxy-6-[($-methyl phenyl jimino]methyl-
phenol (2M-4-MPIMP) by using oxidants such as air (b,
H303 and NaOCl were studied in an aqueous alkaline me-
dium between 30 and 90°C. The structures of synthesized
monomer and oligomer were confirmed by FTIR, UV-vis,
'H NMR, “CNME, and elemental analysis. The characteri-
zation was made by TG-DTA, size exclusion chromatogra-
phy (SEC), and solubility tests. At the optimum reaction
conditions, the vield of oligo (O}2M-4-MPIMP was 68%
for air O oxidant, 68% for HsO» oxidant, and 82% for
MNaOCl oxidant. According to the SEC analysis, the number-
average molecular weight (My), weight-average molecular
weight (My), and polvdispersity index (PDI) values of
O-2M-4-MPIMP were fo to be 695, 1000 g mol 1 and
1.439, using air Oy, and 670, 795 g mal 1 and 1.187, using
MNaOCl, and 645, 790 g mol ! and 1.225, using Ha(O,,

respectively. TG-DTA analyses were shown to be stable of
O-2M-4-MPIMP  against  thermal decomposition.  The
weight losses of ZM-4-MPIMI* and O-ZM-4-MPIMP were
found to be 98.46% and 89.54% at 1000°C, respectively.
Also, electrical conductivity of the O-2M-4-MFPIMP was
measured, showing that the polymer is ty%lcal semicon-
ductor. The highest occupied molecular orbital (HOMO)
and the lowest unoccupied molecular orbital (LUMO) of
monomer and oligomer were determined from the onset
potentials for n-doping and p-doping, r:iipectlvely. Ovptical
energy ga (E;) of ZM-4-MPIMP a O-2M-4-MPIMP
were calculated from UV-vis measurements. © 2007 Wiley
Periodicals, Inc. | Appl Polym Sd 104: 3417-3426, 2007

Key words: oxidative polycondensation; oligo-2-methaoncy-
b-[(#-methylphenyl jimino Jmethyl phenaol;  air O, MNaOCl;
H:0y; thermal analysis; conductivity and band gap

INTRODUCTION

Polymers with highly conjugated chains have
attracted much attention in the last few years because
they are materials of academic interest and also they
are promising candidates for a wide variety of app-
lications such as electronics,’ nptuelech'mﬁcs,i and pho-
tonics.” Numerous articles have been published having
polymers as a main subject conjugated systems of type
polyacetylenes, polyphenylenes, polyphenylene vinyl-
enes, polypyrrole, polythiophene, or p{]l}rarriline.u The
oxidative polycondensation method is simply the reac-
tion of compounds induding —OH groups and active
functional groups (—NH;, —CHO, and —COOH) in
their structure with the oxidants such as NaOCl, H,0,,
an air oxygen in the aqueous alkaline, and acidic
medium?® Another class of this family, unfortunately
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less examined, is that of polyimines (Pls), which are
also known as polymeric Schiff bases, polymers that
are synthesized by a polycondensation reaction
between an amine or hydrazine with an aldehyde or
diketme." ¥ The Pls have attracted much attention not
only as high performance fiber and film-forming poly-
mers with remarkable thermal stability, high strength,
and high modulus™ but ako as particularly promis-
ing electronic materials with semiconducting proper-
ties™ ¥ nonlinear optical ]JI‘{l]:IEﬂ'iES,m and ability to
form chelates.'

In this article, we have investigated the effects of
different parameters such as temperature, reaction
time, and inital concentration of NaOCl and Ha0.
for the olign-2-methoxy-6-[(4-methylphenyl)imino]-
methylphenol (2M-4-MPIMP). We have characterized
IM-4-MPIMP and O-2M-4-MPIMP b}' using FTIR,
UV-vis, '"H NMR, "C NMR, elemental analysis, TG~
DTA, and size exclusion chromatography (SEC) tech-
niques. The electrical conductivity of the oligomer
was measured after doping with L. Also, electro-
chemical (E'y) and optical (E,) energy gaps of the
monomer and oligomer were determined from cyclic
voltammetry (CV) and UV-vis measurements.
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Scheme 1 Synthesis of 2-methoxy-6-[{#-methylphenylimino]methylphenol.

MATERIALS AND METHODS
Materials

Methanol, p-toluidine, o-vanillin, dioxane, ethanol, 1-
butanol, acetonitrile, benzene, toluene, ethyl acetate,
heptane, hexane, CCl,, CHCl, tetrahydrofurane,
THEF, NN-dimethylformamide, DMF, dimethylsulf-
oxide, DMSO, H,SO, (98%), NaOH, H.O, (30%
aqueous solution), KOH, and hydrochloric acid
(HCI, 37%) were supplied from Merck Chemical
(Germany) and they were used as received. Sodium-
hypochloride (NaOCl), 30% aqueous solution, was
supplied from Paksoy Chemical (Turkey). 2M-4-
MPIMP was synthesized from condensation reaction
of o-vanillin with p-toluidine and recrystallized in
methanol.

Preparation of 2M-4-MPIMP

IM-4-MPIMP was prepared by the condensation of
o-vanillin (1.52 g, 0.01 mol) with p-toluidine (1.07 g,
0.01 mol) in methanol (50 mL) achieved by boiling
the mixture under reflux for 2 h at 70°C (Scheme 1).
The precipitated 2M-4-MPIMP was filtered, recrystal-
lized from methanol, and dried in a vacuum desicca-
tors (yield 96%).

Caled. for ZM-4-MPIMP: C, 74.69; H, 6.22; N, 5.81.
Found: C, 7455 H, 6.15 N, 5.70. UV-vis (Ama,): 203,
225, 276, and 316 nm. FIIR (cm= ") v (O—H) 3261 s,
v (C—H phenyl) 3029 m, v (C—H aliphatic) 2920 s,
v (C=N) 1616 s, v (OCH,) 1456 s, v (C=C phenyl)
1595, 1575, 1509 s, v (C—O) 1255 s. 'H NMR
(DMSO): 8, ppm, 1335 (s, 1H, —OH), 8.93 (s, 1H,
—CH=N—), 7.33 (d, 2H, Ar—Haa'), 7.28 (d, 2H,
Ar—Hbb), 713 (d, 1H, Ar—He), 691 (t, 1H,
Ar—Hd), 723 (d, 1H, Ar—He), 384 (s, 3H,
—OCH;), 2.35 (s, 3H, —CH;). "'C NMRE (DMSO):
ppm, 15L06 (Ci-ipso-OH), 14837 (Caipso-OCH;),
11899 (Ca—H), 11595 (Cq—H), 12433 (Cs—H),
11969 (Ceripso), 16316 (Co—H), 14567 (Cg-ipso),

CHar vH

Air DNa0CVH 0,

KO dagu.y

121.66 (Co—H), 13043 (Cio—H), 13701 (Cyy-ipso),
56,36 (C1a—OCHz), 21.08 (Ci3—CHa).

Synthesis of oligo-2M-4-MPIMP with NaOCl, air
0y, and H;0; in aqueous alkaline medium

O-2MA-MPIMFP was synthesized through oxidative
polycondensation of 2M-4-MPIMP with solution of
NaOCl (30%, in water), air O, and Ha0Os (30%, in
water) oxidants, respectively, (Scheme 2).* The 2M-
4+MPIMP 241 g 001 mol) was dissolved in an
aqueous solution of KOH (10%, 0.01 mol) and placed
into a 50-mL three-necked round-bottomed flask. It
was fitted with a condenser, thermometer, and stir-
rer and at addition to fumnel containing NaOCl or
Hz0O,. After heating to room temperature, NaOCl
and Hz0» were added drop by drop over about
3 min and mixture was heated between 3 and
90°C. The reacton mixtures were stirred at various
temperatures and durations (Tables 1 and 11). Air O,
was passed into an aqueous solution of KOH (%:20)
before being sent through the reaction tube to pre-
vent water loss in the reacton mixture and the neu-
tralizing of C0O; in the air to KOH (Scheme 2). The
mixture was neutralized with HCI 0.01 mol (37%) at
room temperature. Unreacted monomer was sepa-
rated from the reaction products by washing with
methanol. The mixture was filtered and washed
with hot water (3 x 25 mL) for separating from min-
eral salts and then dried in the oven at 110°C.

Caled. for O-2M-4-MPIMP.C, 75.00; H, 583 N,
5.83. Found: C, 74.40; H, 5.55; N, 5.72. UV-vis {A,.,.):
207, 228, 274, and 325. FTIR (em™'): v (O—H) 3357 5,
v (C—H phenyl) 3050 m, v (C—H aliphatic) 2920 s,
v (C=N) 1622 s, v (OCHZ) 1079 s,v (C=C phenyl)
1596, 1574, 1509 s, v (C—O) 1252 s. 'H NMR
(DMSO): 5, ppm, 1340 (s, 1H, —OH), 895 (s, 1H,
—CH=N-—), 733 (d, 2H, Ar—Haa'), 727 (d, 2H,
Ar—Hbb), 7.12 (d, 1H, Ar—Hc), 690 (¢, 1H, end
group, Ar—Hd), 723 (d, 1H, Ar—He), 3.85 (s, 3H,

,}’H

]
L’E]='\J4<_>*Ul~.

CH; 0

Scheme 2 Synthesis of oligo-2-methoxy-6[(4-methyl phenyl)imino methyl phenal.
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OXIDATIVE POLYCONDENSATION REACTION OF OLIGO 2M-4-MPIMP

TABLE I
The Oxidative Polycondensation Reaction Parameters
of 2-Methoxy-6-[(4-methylphenyllimino]lmethylphenol *
with NaOCl in Aqueous KOH

The yield of
Sample  [KOHL Mal}l  Temp. Times O-2-M-4

nao. mol LY (moel LY (0 ) MPIMP (%)
1 0.01 0.01 40 3 63

2 0.01 0.1 50 3 71

3 0.01 0.1 60 3 77

4 0.01 0.01 50 3 80

5 0.01 0.01 &0 3 82

6 0.01 0.1 a0 3 74

7 0.01 0.1 &0 1 67

8 0.01 0.01 &0 5 77

9 0.01 0.1 &0 10 73

10 0.01 0.1 &0 15 70

11 0.01 0.01 &0 25 57
12 0.01 0.02 40 3 44

13 0.01 0.02 50 3 49

14 0.01 0.02 &0 3 53

15 0.01 0.02 70 3 58

16 0.01 0.02 &0 3 &0
17 0.01 0.02 a0 3 57
18 0.01 0.02 &0 1 31

19 0.01 0.02 &0 3 25
20 0.01 0.02 &0 5 48
21 0.01 0.02 &0 10 34
22 0.01 0.02 &0 15 28
23 0.01 0.02 &0 25 26

? The initial concentration of 2-M-4-MPIMP was used as
0.01 mol L1,

—OCH;), 2.33 (s, 3H, —CHs). "C NMR (DMSO):
ppm, 15108 (Ci-ipso-OH), 14837 (Coipso-OCHS),
11969 (Cy—H), 11898 (Cy-ipso), 129.68 (new peak of
C—C coupling system), 124.34 (Cs—H), 11593 (Cs-
ipso), 16313 (C;—H), 14565 (Ciipso), 12165
(Co—H), 130.42(Cyp—H), 137.00 (Cyy-ipso), 5635
(C12—OCH3), 21.08 (Cra—CH3).

Electrochemical properties

CV measurements were carried out with a CH
Instruments 6608 Electrochemical Analyzer at a
potential scan rate of 20 mV /s. All the experiments
were performed in a dry box under Ar atmosphere
at room temperature. The electrochemical potential
of Ag was calibrated with respect to the ferrocene/
ferrocenium (Fc/Fc™) couple. The half-wave poten-
tial (E'?) of (Fc/Fc™) measured in 0.1M tetrabuty-
lammonium hexafluorophosphate (TBAFPFs) acetoni-
trile solution is 0.39 V vs. Ag wire or 0.38 V versus
supporting calomel electrote (SCE). The voltammet-
ric measurements were carried out for 2M-4-MPIMP
and O-2M-4-MPIMP in acetonitrile and DMSO,
respectively. The highest occupied molecular orbital
(HOMO) and lowest unoccupied molecular orbital
(LUMO) energy levels of the 2M-4-MPIMP and
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O-2MA4-MPIMP were determined from the onset
potentials of the n-doping (¢',) and p-doping ('),

respectively, as shown in literature.™

Optical properties

The optical band gaps (E;) of monomer and
oligomer compounds were calculated from their
absorption edges. Ultraviolet-visible (UV-vis) spec-
tra were measured by PerkinElmer Lambda 25. The
absorption spectra of monomer and oligomer were
recorded by using methanol and DMSO, respec-
tively, at 25°C.

Electrical properties

Conductivity was measured on a Keithley 2400 Elec-
trometer. The pellets were pressed on hydraulic
press developing up to 16872 kg,f’cmz. lodine dop-
ing was carried out by exposure of the pellets to
iodine vapor at atmospheric pressure and room tem-
perature in a desiccator.®

TABLE I1
The Oxidative Polycondensation Reaction Parameters
of 2-Methoxy-6-[(4-methylphenylliminolmethylphenol®
with H,0» (Sample Number: 1-15) and Air O, (Sample
Number 16-26) in Aqueous KOH

Hy
(mol LY The Yield of
Sample [KOHL  or Air ;. Temp. Time O2-M-4-
no. fmol LY (LhY ) (k) MPIMP (%)
1 0.01 0.01 40 3 43
2 0.01 0.01 a0 3 49
3 0.01 0.01 6 3 62
- 0.01 0.01 70 3 68
5 0.01 0.01 80 3 a0
[ 0.01 0.01 an 3 57
7 0.01 0.01 70 1 27
5 0.01 0.01 70 5 45
El 0.01 0.01 70 10 41
10 0.01 0.01 70 15 36
11 0.01 0.01 70 25 33
12 0.01 0.02 40 3 27
13 0.01 0.02 a0 3 28
14 0.01 0.02 a0 1 21
15 0.01 0.02 a0 5 24
16 0.01 8.5 30 3 52
17 0.01 8.5 40 3 64
18 0.01 8.5 a0 3 68
19 0.01 8.5 6 3 43
20 0.01 8.5 70 3 42
21 0.01 8.5 B0 3 a0
22 0.01 8.5 ap 3 29
23 0.01 8.5 a0 1 a7
24 0.01 8.5 a0 5 44
25 0.01 8.5 a0 10 33
26 0.01 8.5 a0 15 18

* The initial concentration of 2-M-4-MPIMP was used as
0.01 mol L™

Journal of Applied Polymer Science DOL 10,1002/ app
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Solubility and characterization techniques

O-2M-4-MPIMFP was dark brown at powder form
and it was completely soluble in organic solvents
such as DMF, THF, DMSO, aqueous alkaline, and
conc. Ha50y, but it was partly soluble in methanol,
ethanol, and 1-buthanol. O-2M-4-MPIMFP was any in-
soluble in heptane, hexane, benzene, toluene, ethyl
acetate, acetonitrile, CHCly, CCly, and dioxane. The
solubility tests were done by using 1 mg sample and
1 mL solvent at 25°C. The infrared spectra was
measured by PerkinElmer FTIR spectrum one. The
FTIR spectra were recorded using ATR attachment
(4000-550 em™1). UV-vis spectra of 2M-4-MPIMP
and O-2M-4-MPIMP were determined by using
methanol and DMSO. Elemental analysis was carried
out with a Carlo Erba 1106, 2M-4-MPIMP and O-
IM-4-MPIMP were characterized by using 'H and
YC NMR spectra (Bruker AC FT-NMR spectrometer
operating at 400 and 1006 MHz, respectively) and
recorded by using deuterated DMSO+d,; as a solvent
at 25°C. Tetramethylsilane was used as an internal
standard. Thermal data were obtained by using a
PerkinElmer Diamond Thermal Analysis system. The
TG-DTA measurements were made between 15 and
1000°C (in Nz, rate 10°C/min). The number-average
molecular weight (M,), weight-average molecular
weight (Mg), and polydispersity index (PDI) were
determined by SEC techniques of Shimadzu. For SEC,
investigations were wsed a SGX (100 A and 7-nm
diameter loading material) 3.3 mm id. = 300 mm
columns; eluent: DMF (0.4 mL/min), polystyrene
standards. A refractive index detector (at 25°C) was
used to analyze the oligomer.

RESULTS AND DISCUSSION

The investigation of synthesis conditions
of 0-2M-4-MPIMP

IM-4-MPIMP is not oxidized at the normal condition
in the neutral aqueous and organic medium by air Oa,
H:0. (30% aqueous solution), and NaOCl ('3[]"“ aque-

KAYA AND BILICI

ous solution). When 2M-4-MPIMP interacted by oxi-
dizes such as air Ou, HOn, and NaO(Cl, it lrmnedlatelv
precipitated phenoxy radicals with brown adding to
alkaline solution. The conditions of oxidative polycon-
densation reaction of 2M-+MPIMP with 30% NaOCl
solution in aqueous alkaline medium are given in
Table 1. The yield of O-2M-4-MPIMP® was 82% at the
NaOCl medium for 3 h at 80°C. The yield of O-2M-4-
MPIMP was 63% at the reacion condifions such as
[KOH], = [2M4-MPIMP], = [NaOCl], = 001 mol/L
at 40°C for 3 h. At the same conditions (at 80°C and
3 h), when molar amount of NaOCl oxidant increased
in two coating, total yield of 2M-4-MPIMP changed
from 82 to 60%. That is, increasing of oxidant amount
decreased in the yield of O-2M-4-MPIMP.

The oxidative polycondensation reaction conditions
of 2M-4-MPIMP with 30% HaOa solution in aqueous
alkaline medium are given in Table II. The yield of
O-2M-4-MPIMP was 68% at optimum conditions such
as [ZM-‘}MPIMP](; = [KGH][: = [Hzc’y_][: = 0.01 'ITI{]I,-"
L at 70°C for 3 h. At the same conditions, when molar
amount of alkaline increased in two coating, total
yield of 2M-4-MPIMP changed from 62% to 15%. The
yield of O-2M-4-MPIMP was 27% at the reaction con-
ditions such as [2ZM-4-MPIMP], = [KOH], = [H/O.],
= 0.01 mol/L at 70°C for 1 h. According to these val-
ues, yvield of O-2M-4-MPIMFP decreased increasing of
reaction temperatures and time. The oxidative poly-
condensation reaction conditions of ZM-4-MPIMP
with air O, oxidant in an aqueous alkaline medium
are given in Table 1. At the oxidative polycondensa-
tion reaction of ZM-4-MPIMP, when air (. passed
into 8.5 L/h rate at the reacion medium at 30°C for
3 h, the yield of product was 52%. The vield of O-
2M-4-MPIMP® was 68% at optimum conditions such
as [IM-4-MPIMP]y = [KOH]y = 0.01 mol/L and 85 L
h! rate at 50°C for 3 h. As is seen from Table | and
I, in these reactions the yield of the oligomer was de-
pendent upon temperature, times, and initial concen-
trations of alkaline and oxidants. At the same condi-
tions, the yield of O-2M-4+-MPIMP with NaOCl was
higher than that of air O, and H,0,.

TABLE III
The Number-Average Molecular Weight (M), Weight-Average Molecular Weight (M), Polydispersity Index (PDI)
and % Values of O0-2-M-4-MPIMP

Molecular weight distribution parameters

Total Fraction 1 Fraction I1 Fraction 11
Compounds M, My PDI M, My PDI % M, M, POI % M, My PDI %
O2-M-4-MPIMP* 695 1000 1439 560 1100 194 95 21300 23140 L1086 4 - - -
O2-M-A-MPIMP® 670 795 1187 790 1000 1.256 9% 14695 15380 L047 -+ - - - -
O2-M-4-MPIMP® 645 0 1.25 A30 95 1532 T8 2170 2810 1295 19 20840 22050 1.058 5

= Air Oh oxidant.
® NaOC oxidant,
& H+s oxidant.
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Figure 1 'H NMR spectrum of 2-methoxy-6-[(4-methylphenyllimino]methylphenol.

Structure of 0-2M-4-MPIMP

According to SEC chromatograms, the wvalues of
number-average molecular weight (M,) and weight-
average molecular weight (My) of O-2M-4-MPIMP
were calculated according to a polystyrene standard
calibration curve and are given in Table 11 It is seen
that, two fractions observed in oligomer by air O,
and NaO(Cl oxidants but three fractiions determined
for HzO, oxidant. An important section of products
had little molecular weight distribution.

The UV-vis spectra of 2M-4-MPIMP and O-2M-4-
MPIMP were similar to one together. However, at the
spectra of 2M-4-MPIMP, K bands of phenol, and
CgHs—N= were observed in 205 and 225 nm, respec-
tively. Benzene band of 2M-4-MPIMP and strength R
band of —CH=N— groups were observed in 276
and 316 nm, respectively. Apa. values of O-2M-4-

Ccs

Cl

Cc7
=]
cz

C11

MPIMP were observed in 207, 228, 274, and 325 nm.
UV-vis spectra of O-2M-4-MPIMP, K, and R bands
were observed in 274 and 325 nm, respectively.
Berause of comjugated band systems, azomethine
group of oligomer shifted to higher field.

At the FTIR spectra of oxidative polycondensation,
product of 2M-4-MPIMP are only different by reduction
of band strength and peak numbers from the FTIR spec-
tra of 2M-4-MPIMP. At the FTIR spectra of 2M-d-
MPIMP  and  O2M-4-MPIMP, bands of —OH,
—CH=N, and aliphatic —CHj groups were observed
in 3261, 1616, and 2920 em ™% 3357, 1622, and 2925 cm™ ',
respectively. To identify the structures of monomer and
oligomer, the "H NMR spectra were recorded in DMSO-
ds. "H NMR and "C NMR spectra of the 2M-4-MPIMP
and O-2M-4-MPIMP are given in Figures 14, respec-
tively. At the '"H NMR spectra of 2M-4-MPIMP and

C13

!

T T T T
180 PP g0 140 120

T
100

T T T I
40 20

Figure 2 °C NMR spectrum of 2-methoxy-6-[(4-methylphenylimino]methylphenal.
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Figure 3 'H NMR spectrum of oligo-2-methocy-6-[(4-methylphenyljimina]methylp henol.

O-2M-4-MPIMP, the signals of —OH, —CH=N, and
—OCH; groups were observed in 13.35, 893, and 3.84
ppm and 1340, 895, and 3.85 ppm, respectively. It is
seen from Figure 4 that because of C—C coupling sys-
tem, a new peak is cbserved in 129.68 ppm. The e
NMR spectrum of O-2M-4-MPIMP has been demon-
strated C—C and C—0—C coupling systerm.m Inter-
conversion combinations of radical units and formation
of dimer, trimer, tetramer, and mer units are pro-
posed as follows (Scheme 3). The SEC results spectral
data and the results of FTIR, "H NMR, and "C NMR
spectra of the O-2M-4-MPIMP have supported together.

Thermal analyses of 2M-4-MPIMP and
0-2M-4-MPIMP

TG/DTA curves of monomer and oligomer were
given in Figures 5 and 6. The initial degradation
temperature, 50 and 98.46% weight loss of 2M-4-
MPIMP found to be 209, 233, and 1000°C, respec-
tively. According to DTG curve, thermal degradation
of Z2M-4-MPIMP was formed at one step. T value
of 2M-4-MPIMP was observed in 250°C. According
to DTA analysis, exothermic peaks observed in 100,
260, and 672°C. The initial degradation temperature,

11

B0 PEE150 140 120 100

T

w 2 49 20

Figure 4 'C NMR spectrum of oligo-2-methoxy-6-[(4-methyl phenyllimino]methyl phenol.
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Scheme 3 The reaction mechanism of oligomer.
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B and 89.54% Wﬂight loss of O2M-4-MPIMP found
to be 214, 257, and 1000°C, respectively. According
to DTG curve, T value of O-2M-4-MPIMP was
observed in 255°C According to DTA analysis, exo-
thermic peaks observed in 83, 256, and 760°C.
Because of long conjugated band systems, oligomer
demonstrated higher resist against high temperature
than monomer. According to TG analysis, although
initial degradation temperature of O-2M-4-MPIMP
was lower than monomer, it was more stable than
monomer through to  temperature and thermal
decomposition. Carbines residue was formed at high

amount such as 10.46% at 1000°C. Because of long
conjugated band systems, oligomer demonstrated
partly higher resist against high temperature than
monomer. The high thermal stability of O-2M-4-
MPIMP demonstrated to be formed of C—C and
C—0—C coupling systems.

Electrochemical rties of 2M-4-MPIMP
and O-2M-4-MP

The wvoltammetric measurements of 2M-4-MPIMP
and O-2M-4-MPIMP were carried out in acetonitrile

1278, 100 4 - -3259
. TG
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| 5 | 80 1 --zs|
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k] 4048
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Figure 5 TG-DTG-DTA curves of 2-methoxy-6-[(4-methyvlphenylJimino]methylphenol. [Color figure can be viewed in the
online issue, which is available at www.interscience wiley.com.]
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Figure 6 TG-DTG-DTA curves of oligo-2Z-methoxy-6-[(4-methylphenyllimino]methylphenol. [Color figure can be viewed
in the online issue, which is available at www.interscience.wilev.com.]

and DMSO, respectively. The HOMO and LUMO
energy levels of the 2ZM-4+MPIMP and O-2M-4-
MPIMP were determined from the onset potentials
of the n-doping (¢,) and p-doping ('), respectively
(Fig. 7). The HOMO and LUMO energy levels and
electrochemical energy gaps™ (ES) (B = A = &y
— i) of 2ZM-A-MPIMP and O-2M-4+-MPIMP* were
found to be —6.03, —6.12; -2.67, 275 345 and
3.27 eV, respectively.

The absorption spectra of ZM-4-MPIMP and O-
2M-4-MPIMP were recorded by using methanol and
DMSO at 25°C (Fig. 8) and Agu. and E,; values of
20 -4-MPIMP and O-2M-4-MPIMP* were found to be
318 and 334 nm and 3.25 and 3.08 eV, respectively.

0-2M-4-MPIMP has conductivities of 107 — 1077
5/cm. When doped with iodine, their conductivities

FLEx10"

+L0x107

+0.5%10"

-roxt

=1.2 086 0 06 <12 +18

E (ViAgiAgCl)

h2.4

Figure 7 Cyclic voltammograms of 2M-4-MPIMP (1) and
O-20-4-MPIMP (2).
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could be increased by about eight orders of magni-
tude (up to 107" 5/cm). Figure 9 show the results of
O-2M-4-MPIMP doped with iodine at various times
at 25°C. Although the structure of O-2M-4-MPIMP
differs, little significant difference in conductivity
was observed. This effect may possibly be because
of all actually belonging to the same class of
oligomer. In the doping of O-2M-4&-MPIMFP with io-
dine, it was found that the conductivity of O-2M-4-
MPIMP first increases greatly with doping time, but
then tends to level-off. The maximal (or saturated)
conductivity was 1.07 x 1077 S/cm (shown in Fig. 9).
The increasing conductivity could indicate that a
charge-transfer complex between O-2M-4-MPIMP and
dopant iodine is continuously formed. Consequently,
Figure 9 not only shows the conductivity/doping

B

Moenrmlired Absorbance

100
Wandenght (i

Figure 8 Absorption spectra of ZM-4MPIMP (1) and
O-2M-4-MPIMP (2).
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Figure 9 Electrical conductivity of lydoped O-2M-4-
MPIMF versus doping time at 25°C.

time relationship but also indicates how quickly the
doping reaction takes place. Our experiments showed
that a longer doping time is needed to obtain the
maximal conductivity. As a result, the conductivity/
doping time curve varies with doping conditions. To
exclude the influence of doping conditions, the con-
ductivity of doped O2M-4-MPIMP has been related
with doping extent {shown in Fig. 9). Diaz et al. had
been suggested the conductivity mechanisms of Schiff
base polymers for doping with iodine. ™ Nitrogen is a
very electronegative element and it is capable of coor-
dinating an iodine molecule. On the nitrogen atom
coordination of iodine with Schiff base, polymers and
pyridine solutions had been suggested at the litera-
tures as follows (Scheme 4).2%2°

CONCLUSIONS

O-2M-4-MPIMP with Schiff base substitute is synthe-
sized by oxidants such as air Oz HzOs and NaOCl
in an aqueous alkaline medium. The yield of 0-2M-
A-MPIMP was found to be 68, 68, and 82% for air
Oy, HaOy, and NaOCl oxidants, respectively. At the
oxidative polycondensation reaction of 2M-4-
MPIMP, NaOCl demonstrated to higher activity than
Ha0s and air O, The C NMR data have demorn-
strated to unite from para-carbons of phenol ring
each other of formation oligomer from oxidative pol-
ycondensation of 2M-4-MPIMFP. Thermal analysis
resulis have demonstrated to be enough resistance
against thermal degradation of synthesized oligomer.
The carbines residue of O-2M-4-MPIMP was found
at high amount such as 10.46% at 1000°C. Properties
of monomer and oligomer with potential low-band
gap characteristics were determined. The band gap
value of monomer was higher than oligomer. This is

Jowmal of Applied Polymer Seience DO 100002/ app
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0 OCH,
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Scheme 4 Coordination of iodine during O-2M-4-MPIMP
doping,

a result of the azomethine group that is an electron
donor. This increases the HOMO more than the
LUMO and therefore lowers the band gap. The
observed band gaps are sufficiently low to make
this oligomer highly promising for photovoltaic
applications.
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ABSTRACT: In this study, four different Schiff bases
namely 4,4-oxybis[N-2-hydroxybenzilidene)aniline] (2-
HEA), 4 4"-oxybis[N-{+hvd roxybenzilidene)aniline] (4-HBA),
44 oy his[W-(3 4dihydroxybenzilidenelaniline]  (3,4-HBA),
and 44" -cocvbis[N-(4-hvdrosoy-3-methoxybenzilidene Janiline
(HMBA) were synthesized. These Schiff bases were
converted to their polymers that have generate names of
polv-4,4'-oxybis[N-{Z-hydroxybenzilid ene)aniline] (P-2-
HBA), poly-e!,c!"-nxyhis[N-[4-hydmxyhmllldm]anll'Lm:]
(P-4-HBA), poly-4,4"-oxybis[N-(3 4-dihvdroxybenzilidene)
aniline] {P-3,4-HBA), and poly-4,4'-oxybis[N-{4-hyd roxy-3-
methoxybenzilidenejaniline] (PHMBA) via oxidative poly-
condensation reaction by using MNaOCl as the oxidant
Four different metal complexes were also synthesized
from 2-HBA and P-2-HBA. The structures of the com-
pounds were confirmed by FTIR, UV-vis, '"H and 'iC
NMR analyses. According to 'H NMR spectra, the poly-
merization of the 2-HBA and 4-HBA largely maintained

with C—0—C coupling, whereas the polymerization of
the 34-HBA and HMBA largely maintained with C—C
coupling. The characterization was made by TG-DTA, size
exclusion chmmmgrﬁy and solubility tests. Also, elec-
trical conductivity of polymers and the metal complex
compounds were measured, showing that the synthesized
glymem are semiconductors and their conductivities can

increased highly via doping with iodine ions (except
PHMBA). According to UV-vis measurements, the optical
band gaps (E;) were found to be 3.15, 2.06, 3.23, 3.02, 251,
247, 264, 242, 283, 277, 278, and 278 for 2-HBA, P-2-
HBA, 4-HBA, P-4-HBA, 34-HBA, P-34-HBA, HMBA,
PHMBA, 2-HBA-Cu, 2-HBA-Co, P-2-HBA-Cu, and P-2-
HBA-Co, mespectively. © 2008 Wiley Periodicals, Inc. | Appl
Palym Sci 110: 539549, 2008

Key words: oxidative polycondensation; polvazomethine
ether; thermal analysis; conductivity; optical band gap

INTRODUCTION

Polyazomethines (PAMs) and their derivatives have
attracted much attention because of their useful
properties such as high thermal stability, excellent
mechanical strength, and good optoelectronic prop-
erties.”™ However, many synthesized PAMs, espe-
cially aromatic derivatives have low solubility in
many organic solvents. With the aim of obtaining
soluble PAMs many kinds of them have been previ-
ously prepared such as p{llv(aznmeihlm: ether)s,”
p{:l}r(acr}rlat&az{rmeﬂ'nne}s, poly(azomethine carbo-
nate)s,” poly(amide-azomethine-ester)s,” poly(azome-
thine sulf{me}s,g etc. Additionally, PAMs containing
methoxy substituent have been presented with good
solubility and also high thermal :-:tal:-ililj.-r.ltj Oligo-

Correspondence to: 1. Kaya (kayaismet@hotmail com).
Contract grant sponsor: TUBITAE Grants Commission;
contract grant number. TEAG-105T428,

Journal of Applied Polymer Science, Val. 110, 539-549 (2008)
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phenols and their —CH=N— containing derivatives
have been synthesized by oxidative polycondensa-
tion method and presented in the literature with
their several useful FI\[]]JEI'ﬁES.u_Is Using of water
medium makes this method environmental harm-
less. Also, using of cheap oxidants such as NaOCl,
H:05, and air O, is another advantage of this
method. Additionally, because the synthesized prod-
ucts have good properties such as paramagnetism,
semiconductivity, electrochemical cell, and resistance
to high energy, this class of PAMs has become more
attractive for researchers. During the last decade,
Kaya and coworkers have studied this class of
PAMs with thermal, electrochemical, optical, and
electrical pmperﬁes.m'm The synthesized products
were also investigated as an antimicrobial agmt.w It
is seen that the synthesized PAMs have semiconduc-
tivity due to their polyconjugated bond :-z].r:-ztm'n:i.m‘21
Also, they have high thermal stability because of
their highly aromatic structures.

For these reasons, we aimed to synthesize new
soluble, semiconductive poly(azomethine ether)s via
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oxidative polycondensation reaction. Also, we deter-
mined the changes of thermal, optical, and electrical
characteristics related to different structures of the
polymers. For this purpose, in the first part of this
article, we synthesized a series of azomethine ether
monomers containing —OH and/or —OCH; groups
in different positions of aromatic ring. Then, we con-
verted these monomers to poly (azomethine ether)
derivatives via oxidative polycondensation reaction
with using NaOCl as the oxidant. Also, to obtain
higher electroconductive materials, we synthesized
copper and cobalt complexes from 4,4-oxybis[N-(2-
hydroxybenzilidene)aniline] and poly-4.4'-oxybis[ N-
(2-hydroxybenzilidene)aniline].

In the second part, we determined the solubility
properties of the synthesized monomers and poly-
mers in different organic solvents to learn how easy
these products are uwsed in various applications.
Then, we characterized the monomers, polymers,
and the metal complex compounds by using UV-
vis, 'H and "C NMBR, FTIR, and size exclusion chro-
matography (SEC) techniques. Also, thermal stabil-
ities of the products were studied by TG-DTA
techniques. Optical band gaps (E;) were calculated
from their absorption edges. Electrical properties of
doped and undoped polymers and the metal com-
plexes were determined by four-point probe tech-
nique at the room temperature and atmospheric
pressure. In addition, an important increase of the
conductivity was attained when iodine
employed as a doping agent.

was

MATERIALS AND METHODS
Materials

Bis{4-aminophenyljether, salicylaldehyde, 4-hydroxy-
benzaldehyde, 34-dihydroxy benzaldehyde, vanillin
(4-hy droxy-3-methoxybenzaldehyde), CulAcO) H.O,
Co(AcO) 4H0, methanol, ethanol, ethyl acetate,
acetonitrile, acetone, CHCl;, tetrahydrofurane, THF,

Joumal of Applied Polymer Science DOL 10,1002/ app
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dimethylformamide, DME, dimethylsulfoxide,
DMS0, H80,, KOH, and HCI (37%) were supplied
from Merck Chemical (Germany) and they were
used as received. Sodium hypo chloride (NaOCl),
(30% aqueous solution) was supplied from Paksoy
Chemical (Turkey).

Synthesis of the monomers

The Schiff base monomers abbreviated as 2-HBA, 4-
HBA, 3,4-HBA, and HMBA were synthesized by the
condensation reaction of bis(4-aminophenyl)ether
with salicylaldehyde, 4-hydroxybenzaldehyde, 3.4-
dihydroxybenzaldehyde, and 4-hydroxy-3-methoxy-
benzaldehyde, respectively. Reactions were made as
follows: Bisid-aminophenyllether (0.2 g 0.001 mol)
was placed into a 250-mL three-necked round-
bottom flask which was fitted with condenser, ther-
mometer, and magnetic stirrer, and 60 mL methanol
was added into the flask as a solvent. Reaction mix-
ture was heated at boiling temperature of methanol
and bis{4-aminophenyljether was solved. A solution
of excess amount of aldehyde (0.366 g, 0.003 mol for
salicylaldehyde and 4-hydroxybenzaldehyde; 0.414
g 0003 mol for 34-dihydroxybenzaldehyde, and
0.456 g, 0.003 mol for 4-hydroxy-Fmethoxybenzalde-
hyde) in 20 mL methanol was added into the flask.
Reactions were maintained for 3 h under reflux
(Scheme 1). The precipitated Schiff bases were fil-
tered, recrystallized from methanol, and dried in
vacuum desiccators (yields: 94, 96, 46, and 93%, for
2-HBA, 4-HBA, 34-HBA, and HMBA, nespec'livel}r}.

Synthesis of the polymers

The synthesized monomers were converted to their
polymer derivatives through oxidative polyconden-
sation reactions in an aqueous alkaline medium
using NaOCl (30%) as the oxidant (Scheme 2), as in
the literature? Reactions were made in 250 mL

three-necked round-bottom flasks which were fitted
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Scheme 2 Synthesis of the polymers,

with condenser, thermometer, and magnetic stirrer.
When the monomers nteracted with NaOCl in alkaline
medium, phenoxy radicals precipitated immediately
with brown color. The oxidative polycondensation
reaction conditions and the yields of polymer are
shown in Table 1.

Synthesis of the metal complex
compounds of 2-HBA and P-2-HBA

A solution of Cu(AcO); HaO (0.160 g, 8 x 107 mol)
and ColAcO) 4H,0 (0.200 g, 8 » 107" mol) in meth-
anol (10 mLl) was added to a solution of 2-HBA
(0204 g 5 % 107" mol) and P-2-HBA (0.200 g) in tet-
rahydrofurane (40 mL). The mixtures were heated at
70°C and reactions were maintained for 5 h under
reflux (Scheme 3). The precipitated monomer and
polymer complexes were filtered, washed with cold
methanol/THF (1 : 1), and dried in vacuum oven
(vields: 94, 86, 21, and 38% for 2-HBA-Cu, 2-HBA-
Co, P-2HBA-Cu, and P-2-HBA-Co complexes,
respectively).

Characterization techniques

The infrared spectra were measured by Perkin-
Elmer FTIR Spectrum one. The FIIR spectra were

recorded u*-:mj.{, universal ATR sampling accessory
(4000-550 ¢m™"). Ultraviolet-visible (UV-vis) spectra
were measured by Perkin-Elmer Lambda 25. UV-vis
spectra of the synthesized compounds were deter-
mined by using methanol for the monomers and
DMSO for the polymers and the complexes. The
synthesized monomers and polymers were charac-
terized by using 'H and "C NMR spectra (Bruker
AC FT-NMR spectrometer operating at 400 and
100.6 MHz, respectively) and recorded by deuterated
DMSO-d; as a solvent at 25°C. Tetramethylsilane
was used as internal standard. Thermal data were
obtained by using Perkin-Elmer Diamond Thermal
Analysis. The TG-DTA measurements were made
between 20 and 1000°C {in N, rate 10°C/min). The
number average molecular weight (M,), weight
average molecular weight (My), and polydispersity
index (PDI) were determined by SEC techniques of
Shimadzu. For SEC investigations a SGX (100 A and
7 nm diameter loading material) 3.3 mm id. = 300
mm columns was used; eluent: DMF/Methanol (v/
v, 4/1, 04 mL/min), polystyrene standards. A re-
fractive index detector was used to analyze the
products at 25°C. Electrical conductivities were
measured on a Keithley 2400 Electrometer using
four-point probe technique. The pellets were pressed

TABLEI
The Oxidative Polycondensation Reaction Conditions and the Yields of Polymers
Reaction |[Monomer]g [MalCl], |[KOH], Yield of
Folymer Temp. (7C) time (h) (mol/L) (maol/L) {maol/L) polymer (%)
P-2-HBA an 10 0007 0.044 0315 94
P-4-HBA a0 10 0010 0.067 0.085 67
P-3 4HBA an 10 0019 0.071 0045 a2
FHMBA an 10 0013 0.071 0.045 a5

fournal of Applied Polymer Science DOL 100002 fapp
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Scheme 3 Synthesis of the metal complex compounds of monomer and polymer.

on a hydraulic press developing up to 16872 kg solvents by using 1 mg sample and 1 mL solvent at
cm ™2 lodine doping was carried out by exposure of 25°C and the results are shown in Table 11

the pellets to iodine vapor at atmospheric pressure As shown in Table 11 the monomers are more
and room temperature in a desiccator. ™ The optical soluble in many solvents compared with their poly-
band gaps (E,) of the synthesized compounds were  mers. They are all soluble in cone. H;50,, DMF, and
calculated from their absorption edges. DMSO. Although the monomers are completely
soluble in THF none of their polymers is soluble.

RESULTS AND DISCUSSION Therefore, THF was used to separate unreacted

monomers from the synthesized polymers after the
polymerizations. Although dloroform is a good
All of the synthesized monomers have light colors. solvent for P2-HBA and PHMBA to separate
But the colors of their polymer derivatives are dark from their unreacted monomers it can not be used
brown. The solubility tests were done in different for P4-HBA and P-34-HBA with same purpose.

Solubility properties

TABLE II
Solubility Tests of the Monomer and Polymer Compounds
Compounds
Solvent 2-HBA 4-HBA 34-HBA HMBA P-2-HBA P<4-HBA P-34-HBA PHMBA
CHCl, + - - + - - - -
Acetons - + + + - - - -
Ethyl acetate - - + - - - = .
Ethanol - - + - - - - -
Acetonitrile - - + - - - - -
THF + + + + - - - -
CMF + + + + + + + +
DMSO + + + + + + + +
F150y i+ i+ i+ i+ i+ 0 + i

-, soluble; =, insoluble; &, partially soluble.

Journal of Applied Polymer Scence DOL 10,1002/ app
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TABLE III
The Number Average Molecular Weight (M,), Weight Average Molecular Weight (M,), Polydispesity Index (PDI),
and % Values of the Oxidative Polycondensation Products of 2-HBA, 4-HBA, 34-HBA, and HMBA

Molecular weight distribution parameters

Total Fracton I Fraction 1T Fraction I
Compounds My My PFDI M, M, PDI % My, My DT % My My PDI %
P-2-HBA 2,400 2850 1188 750 950 127 75 9500 14300 1505 10 39,000 42900 1100 15
P-4HBA 4,900 5400 1002 700 900 1286 B0 11200 11900 1063 10 130000 144,000 1108 10
PHMBA 23400 25700 1098 6530 900 1.385 30 11600 13000 L1213 189000 206600 L0893 35
P-34-HBA 31,200 41,700 1.337 00 850 1417 10 1L,000 11400 103 25 139800 188400 1.348 a5

However, with exception of 2-HBA the synthesized
monomers are soluble in acetone whereas their poly-
mers are not (see Table II). These all mean that the
synthesized poly(azomethine ethers) have higher re-
sistant to solubility in many organic solvents with
comparison to their monomers.

Structures of the synthesized compounds

According to the SEC chromatograms, the values of
mumber—average molecular weight (M,), weight av-
erage molecular weight (M,), and PDI of P-2-HBA,
P4-HB A, P-3,4-HBA, and PHMBA were calculated
according to a Polystyrene standard calibration
curve and given in Table IIl. According to the SEC
analysis, the number-average molecular weight
(M), weight-average molecular weight (M), and
PDI values were found to be 2400, 2850 g mol™ and
1.188 for P-2-HBA, 4900, 5400 g mol ! and 1.102 for
P-4-HBA, 23,400, 25700 g mol™ and 1098 for
PHMBA, and 31,200, 41,700 E mol™! and 1337 for P-
3,4-HBA, respectively. According to these results, P-
34-HBA and PHMBA have quite high molecular
weights and lower PDI values when compared to
the previously presented oligophenol derivatives, ™
while the others’ are similar with literature values.
HMBA contains —OCHa substituent in the structure,
and this substituent likely makes this monomer more
soluble. So, during the growing up of the polymer
chains, PHMBA keeps the solubility for a long time
and consequently longer polymer molecules are
obtained. Also, 34-HBA has two —OH groups where
the radicalic polymerization begins. This supplies
the molecule radicalic stability during the oxidative
polycondensation and so high molecular weight
depending on the high ratio of the intermolecular
combinations of 34-HBA units.

The FTIR spectra of the oxidative polycondensa-
tion products of 2-HBA, 4-HBA, 3,4-HBA, and
HMBA are different by broadening and shifting of
the peaks from the FIIR spectra of the monomers.
Also the numbers of the peaks of the polymers are
less than the monomers. To identify the structures of
the monomers and the polymers, TH NMR and ¥C

84

NMR spectra were recorded in DMSO-d,. To identify
the metal complex compounds, the UV-vis and FTIR
spectra were recorded. At the FTIR spectra of 2-HBA-
Cun, 2-HBA-Co, P-2-HBA-Cu, and P-Z-HBA-Co the
new peaks indicating metal —N and metal —O coor-
dinations were observed between 550 and 700 em ™.
The results of UV-vis, FTIR, '"H NMR, and “C NMR
analyses were shown in Table IV.

Coupling selectivity of oligophenol derivatives
have been previously studied and reported in the lit-
eratures. ™ Crosslinking in polymer structures is
expected in those cases where the ortho and para
positions (C—C  coupling) and oxyphenylene
(C—0—C coupling) in the corresponding monomer
structures if they are unsubstituted. At the TH NMR
spectra of the polymers, the integration areas of
—OH protons were used to determine the rate of
the C—0—C coupling to C—C coupling. According
to these values the polymerization of the 2-HBA and
4-HBA largely maintained with C—0—C coupling
whereas at the polymerization of the 34-HBA and
HMBA C—0O—C coupling is less than C—C cou-
pling. Additionally, it is seen in the B3¢ NMR spec-
tra of P-2-HBA, P-4-HBA, P-34-HBA, and PHMBA
that the C—C coupling between any two adjacent
phenyl rings are largely at ortho and para positions
of the —OH groups. However, this type of linkage
may strain the polymer backbone in such a manner
that the phenyl rings are out of plane with respect
to the adjacent rings. The peak values for C3 and C5
were observed in 123.60 and 11793 ppm for 2-HBA
and 133.45 (showing as Cl14) and 123.23 ppm (new
peaks) for P-2-HBA, respectively. The peaks
observed at 11598 and 11458 ppm at the ""C NMR
spectra of 34-HBA for C2 and C5 shifted at 122,67
and 121.13 ppm at the BC NMR spectra of P-3,4-
HBA, respectively. Also, the peak at 11582 ppm of
the C NMR spectra of HMBA for C2 shifted at
124.78 ppm at the spectra of PHMBA. These changes
indicate that the polymerization progress includes
the C—C coupling system. The reaction mechanism
on the coupling selectivity has been studied by
Ayyagari coworkers and Kaya and coworkers and
three possible reaction mechanisms for the C—C

Journal of Applied Polymer Science DOI 10,1002/ app
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TABLE IV
UV-vis, FTIR, and NMR Spectral Characterization Results of the Synthesized Compounds
Compound Spectral data
2-HBA UV -wis: & /nm: 273, 352
IR: viem % 3210 (OFH), 3054 (C—H, Phenyl), 1614 (C=N), 1569, 1489, 1456 (C=C phenyl), 1260 (C—0—C),
1281 (C=CHT)

FLNMR ([DMSO) & ppm: 13,05 (s, 2H, —OF), 8.97 (s, 2H, —CH=N—), 7.65 (d, 2H, -Ha), 7.51 (d, 4H, -He,
He'), 742 (t, 2H, -He), 7.15 (d, 4H, -Hf, Hf), 697 {m, 4H, -Hb, -Hd)

BENME (DMSO): ppm: 163,23 (C7-H), 16066 (Co-ipso), 155.08 (Cll-ipso), 143.05 (Chipso), 133,65 (C4H),
13296 (C2-H), 12360 (C3-H), 12001 (C9-H), 11944 (Cl-ipse), 117.93 (C5-H), 117.05 (C10-H)

He, HE

::zq A0 P p—

Fa_w B £ P

CH=N b o— He N =CH— "
" A \ K %, Fi
. g T

He' HE Hi
P-2-HBA UV -vis: & /nm: 262, 323, 346, 470
IR: v/em~" 3350 (OH), 304 (C=FH, Phenyl), 1618 (C=N), 1569, 1488 (C=C phenyl), 1263, 127 (C-0-=0C),
1282 (C—=CHI)

FENMR ([DMSO) & ppm: 13,15 (s, —OH), 898 (s, 2H, —CH=N—}, 7.65 {s, 1H, Hf), 7.51 {d, 1H, -Ha),
741 {d, 4H, -Hd), 7.15 (d, 45, -He), 6.98 (d, 1H, -Hg), 679 (d, 1H, He), 6.62 (¢ 1H, Hb), 651 (d, 1H, -Fi)
BC.NMR (DMSO): ppm: 163,15 (C7-H), 162.32 (Cé-pso), 160.60 (Cl1-ipso), 158.48 (C17-ipso), 14891 (Ch-ipso),
14591 (C15-H), 14230 (C4-H), 13345 (Cldipso), 13285 (C2, C13-H), 123,23 {Ch-ipso), 121.41 (C3-H),
11950 {C9-H), 11762 (Cl-ipso), 116,99 (C12-ipso), 11539 (C10, C16-H)

Hh Ha Hd He HE  n

ha 2 %2 g 13 7
oy T & PR AN

e 4 =N o {0 b= e

5 e i " T e,

“ "on e He o0 Hi
*
4HBA UWwis: & mun: 252, 289, 336
IR: v/em™ Y 3426 (OH), 3061 (C—-H, Phenyl), 1623 (C=N), 1588, 1512, 1496 (C=C phenyl), 145 (C-0-C),
1281 (C—OH)

HENMR (DMSO) & ppm: 1015 (s, 2H, —OF), 8.48 (s, 2H, —CH=N—), 7.78 (d, 45, -Hb, -HV), 7.27 {d, 4H,
He, -He'), 704 (d, 4H, Hd, -Hd), 6.90 (d, 4H, -Ha, -Ha')

BCNMR (DMSO): ppm: 161,02 (C5-H), 159.76 {Cldpse), 155.19 (CRipso), 147.81 (Co-ipso), 13106 [C3-H),
12804 {Cd-ipso), 12275 (C7-H), 119.65 (CAH), 11613 (C2H)

Ma  Hb He M
W34 r . %, :.-I| :‘,r . .
wo Y Y fnen® o hn—on < on
- - \ .
r N
N T (TS 1)
P-4-HBA UV -wis: & /nm: 286, 332
IR: v/em ™" 3345 (OH), 3036 (C=H, Phenyl), 1621 (C=N), 1582, 1491 (C=C phenyl), 1226 (C=0-=C), 1280
]

H-NMR (DMSO): § ppm: 979 (s, —OH), 848 (s, 2H, —CH=N—), 5.65-730 {m, aromatic)
BENME (DMS0): ppm: 160.3 (C5-H), 1590 (Cl-ipso), 1545 (Cipso), 1440 (Cheipso), 1301 (C3-H),
1246 (Cipso), 1218 (C2pso), 1171 (CF-H), 115.3 (C8-H)

T%a 3 T ¥
0 Q (ﬁil—?\;@u—l)—@—\'--{'ll -
F

34-HBA UV -vis: & /nm: 256, 288, 344, 435
IR: v/em % 3288 (OH), 3034 (C—H, Phenyl), 1397 (C=N), 1586, 1518, 1493 (C=C phenyl), 1241 {C—0—C),
1279 (C—OH)
FENMR (DMSO) & ppm: 953 (s, 4H, —OF), 841 (s, 2H, —CH=N-), 7.45 {d, 2, -Hb), 7.27 {d, 4, -Hd,
Hd'), 721 (s, 2H, -He), 7.05 (d, 4H, -He, He'), 6.88 (d, 2H, -Ha)
BONME (DMSO): ppm: 159.96 (C7H), 155.16 (Cll-ipso), 14964 (Cl-ipso), 14777 (Chapso), 14614 (Chipso),
128 55 {Cd-ipso), 12508 (C3-H), 122,92 (C9-H), 11966 (C10-H), 115.98 (C2H), 114.58 (C5-H)
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TABLE IV Contirnued

Compound

Spectral data

-3 4 HBA

HMBA

FHMBA

2HBA-Cu

2HBA-Co

P-2-HBA-Cu

P-2-HBA-Co

o heneon—"  Y—om

R T T T ‘o

UV ewis: & /nm: 259, 341, 444

IR: vfem™ % 3378 (OH), 3071 (C—H, Phenyl), 1587 (C=N), 1492, 1449 (C=C phenyl), 1229, 1212 (C—0-C),
1289 (C=OH)

"H-NMR ([DMSO): § ppm: 929 (s, —OH), 8.41 (s, 2H, —CH=N-), 7.39 (d, 2H, -Hb), 720 (d, 4H, -Hd, -Hd"),
706 (s, -Heterminal), 6.88 (d, 4H, -He, -He'), 6.69 (d, -Ha-terminal)

BC-NMER (DMS0): ppm: 15932 (C7-H), 157.20 (Cli-ipso), 15261 (Cl-ipso), 149.66 (Ch-ipsw), 146.09 (Chipso),
12932 (C4-ipso), 12497 (C3-H), 12267 (C2-ipso), 12113 (Ch-ipso), 11945 (C9-H), 11770 ({C10-H)

He
A0

ot o Y N=CH S0
H e H" He * OH

UV—vis: 2 /nm: 232, 285, 339, 437

IR: v/em ™% 3509 (OH), 303 (C=H, Phenyl), 2984 (C=H, aliphatic), 1621 {C=N), 1601, 1509, 1493 (C=C
phenyl), 1234 (C=0=C), 1273 (C=0H)

"H-NME ({DMSO: 8 ppm: 978 (s, 2H, —OH), 848 (s, ZH, =CH=N~=), 7.54 (s, 2H, -Hc), 7.34 (d, 2H, -Hb),
728 (d, 4H, -Hd, -FId"), 7.05 (d, 4H, -He, -He'), 6,91 (d, 2, -Fa), 3.57 {5, 6H, —OCH)

I3C.NMR (DMSO): ppm: 139.98 (C8-H), 155.19 (C12-ipso), 150,49 (Cl-ipso), 148.54 (Cé-ipso), 147.76 (C-ipso),
12846 (Cd-ipso), 12447 (C3-H), 122,80 (C10-H), 119.67 (C11-H), 11582 (C2-H), 11070 (C5-H), 55.97 (CT-ipso)

HO

Eo— pN=CH—( —OH
HLO  He He” He OCH;

UWwis: b /nm: 258, 270, 362

IR: viem % 3222 (OH), 3070 (C—H, Phenyl), 2832 (C—H, aliphatic), 1578 (C=N), 1563, 1495 (C=C phenyl),
1223 (C=0=C), 1280 {C—OH)

"HNMR (DMSO): § ppm: 929 (s, —OH), 7.83 {5, 2H, —CH=N=), 7.31 (s, 2H, -He), 7.01 (s, 2H, -Hb),
6.93 (d, 4H, -Hd, -Hd"), 6.84 (d, 4H, -He, -He"), 6.69 (d, -Ha-terminal), 3.74 (s, 6H, —OCH3)

BC-NMER (DMS0): ppm: 138.51 (C8-H), 156.85 (Cl12-ipso), 15510 (Cl-ipso), 147.31 (Ch-ipsw), 14548 (Cipso),
12600 (C4-ipso), 12478 (CR4pso), 12284 (C3H), 121.24 (CL0-FD), 11773 (C11-H), 11620 (C5-H),
56.51 (CHipso)

_II.\_' _JI;L

W Fa —

beo—  Y—N=cH— —o¥H

He MCH,

UV -wis: & /nm: 228, 295, 392

IR: viem % 3349 (OH), 3056 (C—H, Phenyl), 1606 (C=N), 1587, 1532, 1492 (C=C, phenyl), 1236 {C—0—=C),
1296 (C—0OH), 594 (Cu—0), 689 [Cu—N)

UW=vis: L /nm: 299, 378

IR: viem % 3337 (OH), 3053 (C—H, Phenyl), 1615 (C=N), 1568, 1502,14%0 (C=C, phenyl), 1238 {C—0—C), 1282
(C=0H), 587 {Cu=0), 652 (Cu=N)

UV -wis: & /nm: 299, 402

IR: viem ™% 3403 (OH), 3056 (C—H, Phenyl), 1606 (C=N), 1587, 1532, 1492 (C=C phenyl), 1236 (C—0—C), 1295
(C—0H), 5% [Co—0), 616 (Co—N)

UW=vis: L /nm: 258, 295, 387

IR: viem ™ 3546 (OH), 3010 (C—H, Phenyl), 1607 (C=N), 1575, 1533, 1492 (C=C phenyl), 1238 (C—0—0C), 129
(C=0H), 595 {Co=0), 604 (Co=N)
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TABLE ¥V
Thermal Degradation Values of the Synthesized Monomer, Polymer, and
Monomer/Polymer-Metal Complex Compounds
DTA
2% weight 507 weight % Carbine
Compounds - Tenax losses losses residue at 1000°C Exo Endo
2-HBA 333 369 340 64 14.71 - a9
P-2-HBA 177, 420 260, 497 425 847 3.3 - -
22HBA-Cu 159, 310 219, 341, 494 264 BER 46.48 - -
22HBA-Co 1, 579 171, 409 382 895 .69 - 174
P-2-HBA-Cu 159, 313 198, 385, 511 330 545 40.05 - -
P-2-HBA-Co 307 340, 506 456 653 27 - -
+HBA 251 269, 454 441 - 6143 - 47
P-4-HBA 140, 310 172, 32, 530 433 925 43.92 - -
34-HBA 218 232, 302, 447 82 - 53.70 228 218
3,4 HBA 257 354, 453 417 954 49.00 - -
HMBA 269 1 315 - 5L.30 - 162
FHMBA 145 154, 486 424 981 4072 - -

* The onset temperature.
® Maximum weight temperature.

and oxyphenylene C—0—C c*{:-ul):l_!ing systems have
been proposed in the literature. ™™

Thermal analysis

According to TGA, DTG, and DTA curves the calcu-
lated thermal degradation data were given in Table
V. As seen in the Table V, the initial degradation
temperature (°C) and the carbine residue (%) at
1000°C are 333 and 14.71 for 2-HBA, 177, 420, and
3923 for P-2-HBA, 159, 310, and 4648 for 2-HBA-
Cu, 154, 379, and 44.69 for 2-HBA-Co, 159, 313, and
4003 for P-2-HBA-Cu, and 307 and 2971 for P-2-
HBA-Co, respectively. According to these values P-
2-HBA is more stable than 2-HBA through to tem-
perature and thermal decomposition. Because of
long conjugated bond systems, the polymer demon-
strated higher resistance against high temperature
than the monomer. In addition, the metal complexes
have higher carbine residue at 1000°C than the
monomer and polymer (except for P-2-HBA-Co)
According to thermal analysis results, copper com-
plexes were demonstrated higher thermal stability
than the cobalt complexes and these results agree
with the previous studies in which Schiff base deriv-
atives of oligosalicylaldehyde were used, "1
Thermal degradation data of 4-HBA, 34-HBA,
HMBA, and their polymers were also given in Table
V. Looking at these values, the initial degradation
temperature (°C) and the carbine residue (%) at
1000°C are 251 and 6043 for 4-HBA, 140, 310, and
4392 for P4-HBA, 218 and 53.70 for 34-HBA, 257
and 49.00 for P-34-HBA, 269 and 51.30 for HMBA,
and 145 and 49.72 for PHMBA, respectively. Accord-
ing to these values, the oxidative polycondensation
products of 4-HBA, 3,4-HBA, and HMBA are less
stable than their monomers through to temperature

Jowmal of Applied Polymer Science DOL 1001002/ app

and thermal decomposition. Although the initial
degradation temperature of P-34-HBA is higher
than 3.4-HBA, its total weight loses at 1000°C is
higher. Additionally, although the weight loses of
3.4-HBA and HMBA at 1000°C are close near their
polymers, the difference between the weight loses of
4-HBA and P4-HBA is high.

As seen in the thermal decomposition ratios of the
synthesized polymers at 1000°C P-2-HBA and P-4-
HBA have lower thermal stabilities than P-3,4-HBA
and PHMBA. This is owing to the more C—0—C
coupling of P-2-HBA and P-4-HBA, as mentioned
earlier. This etheric bond makes the structure unsta-
ble. Also, due to this weak bond, P-4-HBA has lower
thermal stability than its monomer.

According to thermal degradation values, the syn-
thesized polymers and their copper and cobalt com-
plexes are also more stable than the previously
presented oligophenol derivatives and metal com-

plex alm]:ruurn:ls.m_w

Electrical conductivities

Electrical conductivities of the synthesized polymers
and the metal complexes and the changes of these
values related to doping time with iodine were
determined and shown in Table V1. The changes of
the electrical conductivities are also given schemati-
cally in Figure 1(a) (for polymers) and Figure 1(b)
(for the metal complexes). As seen in Table V1, the
initial conductivities of the synthesized polymers
and the metal complex compounds are quite near at
about 107"-107"" 5 em™'. When doped with iodine
for 168 h, the conductivities of P-2-HBA, P-4-HBA,
and P-34-HBA could be increased by about three
orders of magnitude (up to 1077 S em™', see Fig. 1).
But the conductivity of PHMBA could be increased

87



CHARACTERIZATION OF NOVEL POLYPHENOL SPECIES 547
TABLE VI
Electrical Conductivity of L-Doped Synthesized Monomer, Polymer, and Monomer/Polymer-Metal
Complex Compounds vs. Doping Time at 25°C
Conductivity (5 em 1) = 107"
Doping
time (h) P-2-HBA P-4+ HBA P-3,4-HBA PHMBA 2-HBA-Cu 2-HBA-Co P-2-HBA-Cu P-2-HBA-Co
0 1.4142 1.25584 1.2643 13207 1.5056 13999 14517 14710
24 16.109 35138 23046 55728 81.179 7782 54.753 65017
45 53.091 345.90 12116 28718 63237 33361 B54.96 33601
72 141.96 806.15 2783 44926 26108 105018 5118.9 119018
6 43548 1351.6 2910.2 47.201 33002 124045 20425 142261
120 1197.3 2090.9 3058.1 5174 3R6%d 130673 38911 163934
144 31143 3126.9 31414 54.318 H097 133021 52083 172005
168 5788.2 4159.8 3198.2 55520 45782 134941 61225 182301

only up to about 107% § em™". This is due to the
steric barrier of —OCH; group, to prevent the com-
plexation of iodine ions with imine nitrogen and so
doping procedure does not occur adequately. The
conductivities of the metal complex compounds also
increased by about five orders of magnitude [up to
107 § em™', see Fig. 1(b)] with doping time
According to these results, the synthesized polymers
have higher initial and maximal conductivities than
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Figure 1 Electrical conductivity of Ixdo = [P-2-
HBA, P-4-HBA, P-34-HBA, and PHMBA] and b = [2-
HBA-Cu, 2-HBA-Co, P-2-HBA-Cu, and P-2-HBA-Col

versus doping time at 25°C. [Color figure can be viewed
in the online issue, which is awvailable at www.
interscience.wiley.com.]
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the previous studies.”® In the doping of the polymers
and the metal complexes with iodine, it was found
that the conductivities firstly increase greatly with
doping time, but then tend to level-off. For P-2-HBA
only the changes of the conductivity is nearly linear
[see Fig. 1(a)]. The increasing conductivity could
indicate that a charge-transfer complex between the
polymers (or metal complexes) and dopant iodine is
continupusly formed. Consequently, Figure 1 not
only shows the conductivity and doping time rela-
tl[m‘ih'l]} but also indicate how quickly the doping
reaction takes place. The experimental results
showed that a longer doping time is needed to
obtain the maximal conductivity. As a result, the
conductivity/doping time curves vary with doping
conditions. To exclude the influence of doping con-
ditions, the conductivities of the doped polymers
and complexes have been related with doping extent
i(shown in Fig. 1). Nitrogen is a very electronegative
element and it is capable of cn{mdmatlng with iodine
ions. On the nitrogen atom, coordination of iodine
ions with Schiff base polymers and pyridine solu-
tions had been suggested in the literatures.™

Optical properties

The absorption spectra of 2-HBA, 4-HBA, P-2-HBA,
and P-+HBA recorded by using methanol and
DMSO for the monomers and polymers, respec-
tively, were shown in Figure 2(a). Amax and the opti-
cal band gaps values were calculated as in the
literature™ and shown in Table VII. As seen in Table
V1L, Amax (nm) and the optical band gaps (EE\" eV) are
352 and 3.15 for 2-HBA, 470 and 2.06 for P-2-HBA,
336 and 323 for 4-HBA, and 332 and 3.02 for P-4-
HBA, respectively. The absorption spectra of 34
HBA, P-34-HBA, HMBA, and PHMBA were also
recorded and shown in Figure 2{b). The calculated
Amax and the optical band gaps were given in Table
VIL According to these values, Amac (nm) and the
optical band gaps values (E'K,fe's"} of 34-HBA, P-34-
HBA, HMBA, and PHMBA are 435 and 2.61, 44, and
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Figure 2 Absorption spectra of a = [2-HBA, 4-HBA, P-2-
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and PHMBA], and ¢ = [2-HBA-Cu, 2-HBA-Co, P-2-HBA-
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TABLE VII

hmax and Optical Band Gap (Eg) Values of Synthesized
Compounds Caleulated from Absorption Spectra

Compounds hmrae (ML) E; (V)
2HBA 352 315
P-2-HBA 470 2.06
2HBA-Cu 392 283
2HBA-Co 378 277
P-2-HBA-Cu 402 278
P-2-HBA-Co 387 278
4+HBA 33 3.23
P-4-HBA 33 3.02
34-HBA 435 261
P-3,4HBA 444 247
HMBA 437 2.64
FHMBA 3a2 242

2.47, 437, and 2.64 and 362 and 242, respectively.
The oxidative polycondensation products of 2-HEBA,
4+-HBA, 34-HBA, and HMBA have lower band gaps
than their monomers due to their polyconjugated
structures. The absorption spectra of 2-HBA-Cu, 2-
HBA-Co, P-2-HBA-Cu, and P-2-HBA-Co were
recorded by using DMSO and shown in Figure 2(c).
The calculated A, and the optical band gaps from
Figure 2(c) were also given in Table VIL. According
to these values, i, ,, (nm) and the optical band gaps
values I[E'Kfe\"] of 2-HBA-Cu, 2-HBA-Co, P-2-HBA-
Cu, and P-2-HBA-Co are 392 and 2.83, 378 and 2.77,
402 and 2.78, and 387 and .78, respectively.

CONCLUSIONS

MNovel Schiff base monomers abbreviated as 2-HBA,
4-HBA, 3,4-HBA, and HMBA were synthesized and
converted to their polycondensation products shown
as P-2-HBA, P-4-HBA, P-3.4-HBA, and PHMBA,
respectively, via oxidative polycondensation reac-
tion. The integration areas of the —OH protons in
the 'H NMR spectra demonstrated that the 2-HBA
and 4-HBA mainly polymerized with C—0—C cou-
pling, whereas 34-HBA and HMBA mainly poly-
merized with C—C coupling. This suggestion is also
the reason of thermal stability values of the poly-
mers. Highly C—C coupling makes P-34-HBA and
PHMBA more thermally stable than the others.
These polymers were found to have carbine residue
of 49-50% at 1000°C. Selubility tests showed that the
synthesized polymers are completely soluble in
DME, DMSQO, and H;504. Also, according to SEC
analysis, P-34-HBA and PHMBA have quite higher
molecular weights than the others. Electrical conduc-
tivities of the synthesized polymers versus doping
time with iodine ions were also measured, and these
results showed that the synthesized polymers have
higher initial and maximal conductivities than the
previous oligophenol derivatives (except PHMBA,
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because of barrier effect of methoxy groups). 2-HBA
and P-2-HBA metal complexes shown as 2-HBA-Cu,
2HBA-Co, P-2-HBA-Cu, and P-2-HBA-Co were also
synthesized and with doping with iodine their con-
ductivities were found to reach up to 1077 S em ™ in
cobalt complexes and up to 107 & cm”in copper
complexes. Consequently, the electrical conductivity
measurements showed that the synthesized poly-
mers and the metal complexes are semiconductors
and their conductivities would be increased consid-
erably via doping with iodine. The optical band gap
values of the polymers were found to be higher than
their monomers. This is because of the polyconju-
gated structures of the polymers. The observed band
gaps are sufficiently low to make these polymers
and metal complexes highly promising for electronic
and optoelectronic applications.
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Abstract: In this study, the oxidative polycondensation reaction conditions of 4-
[(thien-2-yl-methylene) amino] phenol (4-TMAP) by using oxidants such as air O,
H-0, and NaOCI were studied in an aqueous alkaline medium between 313 and
363 °K. The structures of the synthesized monomer and oligomer were confirmed
by FT-IR, UV-vis, NMR and elemental analysis. The characterization was made by
TG-DTA, size exclusion chromatography (SEC) and solubility tests. At the optimum
reaction conditions, the yield of oligo-4-[(thien-2-yl-methylene) amino] phenol (O-4-
TMAP) was found to be 36% for air O, oxidant, 40% for H;O; oxidant and 47% for
NaOCI oxidant. According to TG analysis, the weight losses of 4-TMAP and O-4-
TMAP were found to be 58.11% and 51.38% at 1273°K, respectively. O-4-TMAP
was shown higher stability against thermal decomposition. Also, electrical
conductivity of the O-4-TMAP was measured, showing that the polymer is a typical
semiconductor. The highest occupied molecular orbital (HOMO), the lowest

unoccupied molecular orbital (LUMQO) and electrochemical energy gaps (E;) of 4-
TMAP and O-4-TMAP were found to be -6.13, -6.02; -2.72, -2.69; 3.41 and 3.33
eV, respectively.

Key words: Oxidative polycondensation, oligo-4-[(thien-2-yl-methylene) amino]
phenol, thermal analysis, conductivity and band gap.

Introduction

The polyazomethine polymers attracted attention in the early 1960 [1] as new semi-
conducting materials. The polyazomethine which included azomethine (-CH=N) and
active hydroxyl (-OH) groups have been used in various fields. They have useful
properties such as paramagnetism, electrochemical cell and resistance to high
energy. Because of these properties, they were used to prepare the composites with
resistance to high temperature and graphite materials, epoxy oligomer and block
copolymers adhesives, photoresists and antistatic materials [2-8]. Research interest
in poly-Schiff bases (polyazomethines) continues owing to their different
characteristics such as chelating properties [9], thermal stability [10], liquid crystal
properties [11], as well as intrinsic conductivity [12], etc. Recently, it was reported
that the electrical conductivity of conjugated poly-Schiff bases may be increased by
about eight orders of magnitude (up to the level of semiconductors) when they are
doped by iodine and such doped materials has good stability, electro activity and
electro conductivity [13-15].

91



However, it was also found that they are neither soluble (inorganic solvents) nor
meltable due to their rigid polymer chains and strong intermolecular forces, which
greatly obstruct the characterization and processing of the polymers. The halogen
and sulphur derivatives of oligophenols were used to prepare the composite
materials enduring to flame of the specific detergents such as lead storing battery
cathodes [16]. These compounds vielded new properties by adding other functional
groups to their structures. Because of azomethine (-C=N) and hydroxyl (—OH)
groups, these type oligomers may be used as an anti-microbial agent [17]. Also, due
to these groups, azomethine polymers have the capability of coordination with
different metal ions and they can be used for cleaning of poisonous heavy metals in
industrial waste waters. Therefore, the synthesis of oligomer-metal complexes is very
important for analytic and environmental chemistry. It seemed advantageous to
attempt to design and prepare a polymer-bound chelating ligand, which would be
able to form complexes with a variety of transition metals and therefore have a large
range of applications [18].

In this paper, we have investigated the effects of different parameters such as
temperature, reaction time and initial concentration of NaOCl and H,0, for the oligo-
4-[(thien-2-yl-methylene)amino] phenol (O-4-TMAP) synthesis. We have
characterized 4-TMAP and O-4-TMAP by using FT-IR, UV-vis, 'H-"*C-NMR,
elemental analysis, TG-DTA and SEC techniques. The electrical conductivity of the
polymer was measured by four-point probe technique after doping with |2 at room
temperature and atmospheric pressure. Also, HOMO, LUMO energy levels and
electrochemical band gaps of the monomer and oligomer were measured with cyclic
voltammetry.

Results and Discussion

The Investigation of synthesis conditions of O-4-TMAP

4-[(Thien-2-yl-methylene) amino] phenol was oxidized in an aqueous alkaline
medium by air O, H>O, (30% aqueous solution), and NaOCl| (30% aqueous
solution). In the aqueous alkaline medium, when 4-TMAP interacted with oxidants
such as air O;, H>O; and NaQCI, it immediately precipitated phenoxy radicals in
brown. The conditions of oxidative polycondensation reaction of 4-TMAP with 30%
NaOCI solution in an aqueous alkaline medium are given in Table 1. The yield of O-
4-TMAP was 24% at the NaOCI| medium for 10 h at 313 °K. As seen from Table 1,
the vield of products increased by increasing of temperature (except for 363 °K). The
yield of O-4-TMAP was 47% at the reaction conditions such as [NaOCI];=0.261 and
[4-TMAP]o = [KOH]p =0.0714 mol/L at 353 °K for 20 h. At the same conditions, when
molar amount of alkaline increased, total yield of O-4-TMAP changed from 35% to
40% (see Table 1, Sample No 2 and 4).

The oxidative polycondensation reaction conditions of 4-TMAP with 30% H20:
solution in an aqueous alkaline medium are given in Table 1. The yield of O-4-TMAP
was 40% at optimum conditions such as [4-TMAP]y = [KOH]p =0.0714 and [H20-]g=
0.07 mol/L, at 353 °K for 3 h. At the same conditions, when molar amount of alkaline
increased, total yield of O-4-TMAP changed from 40% to 34%. The vyield of O-4-
TMAP was 15% at the reaction conditions such as [4-TMAP]o = [KOH]o= 0.0714 and
[H205]0=0.14 mol/L at 353 °K for 3 h. According to these values, yield of O-4-TMAP
increased with increase in reaction temperatures (except for 363 °K). At the oxidative
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polycondensation reaction of 4-TMAP, when air O, passed into 8.5 L/h rate at the
reaction medium at 333 °K, the yield of product was 24%.

Tab. 1. The oxidative polycondensation reaction parameters of 4-[(thien-2-yl-
methylene)amino] phenol® with NaOCI (sample number: 1-10) and H,O, (sample
number: 11-20) in aqueous KOH.

Sample No Temp., Times (h) [KOH]y [NaOCIl,/[H:Ozs %, yield of

(°K) (mol L") (molL™) 0-4-TMAP
1 363 3 0.0714 0.261 22
2 353 3 0.0714 0.261 35
3 353 3 0.1428 0.261 24
4 353 3 0.0714 0.522 40
5 353 10 0.0714 0.261 37
6 353 20 0.0714 0.261 47
7 343 3 0.0714 0.261 34
8 333 3 0.0714 0.261 32
9 323 3 0.0714 0.261 25
10 313 3 0.0714 0.261 24
11 363 3 0.0714 0.07 26
12 353 3 0.0714 0.07 40
13 353 3 0.1428 0.07 34
14 353 3 0.0714 0.14 15
15 353 10 0.0714 0.07 28
16 353 20 0.0714 0.07 27
17 343 3 0.0714 0.07 16
18 333 3 0.0714 0.07 13
19 323 3 0.0714 0.07 16
20 313 3 0.0714 0.07 13

a= The initial concentration of 4-TMAP was used as 0.0714 mol L.

The yield of O-4-TMAP was 36% at optimum conditions such as [4-TMAP]o= [KOH]g
= 0.0714 mol/L at 343 °K for 10 h. The various conditions for O-4-TMAP are given in
Table 2. As is seen from Table 1 and 2, in these reactions the yield of the oligomer
was dependent upon temperature, times and initial concentrations of alkaline and
oxidants. At the same conditions, the yield of O-4-TMAP was about the same for all
oxidants.

Structure of O-4-TMAP

According to SEC chromatograms, the values of humber-average molecular weight
(M,) and weight-average molecular weight (M,,) of O-4-TMAP were calculated
according to a Polystyrene standard calibration curve and are given in Table 3.
According to the SEC analysis, the number-average molecular weight (M,), weight-
average molecular weight (M,,) and polydispersity index (PDI) values of O-4-TMAP
were found to be 3680, 7450 g mol” and 2.024, using H202, and 2400, 6900 g mol”
and 2.875, using air O, and 3700, 4260 g mol”' and 1.151, using NaOCI|,
respectively.
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Tab. 2. The oxidative polycondensation reaction parameters of 4-[(thien-2-yl-
methylene)amino] phenol® with air O, (sample number: 1-9) and non oxidant (sample
number: 10-21) in aqueous KOH.

Sample Temp., Times [KOH]g Air Oy %, yield of
No (°K) (h) (mol L™ (Lh™ 0-4-TMAP
1 363 3 0.0714 8.5 27
2 353 3 0.0714 8.5 29
3 343 3 0.0714 8.5 35
4 343 3 0.1428 8.5 29
5 343 10 0.0714 8.5 36
6 343 20 0.0714 8.5 32
7 333 3 0.0714 8.5 24
8 323 3 0.0714 8.5 11
9 313 3 0.0714 8.5 24
10 313 3 0.0714 - 56
11 313 3 0.0714 - 46
12 333 3 0.1428 - 26
13 343 3 0.0714 - 37
14 353 3 0.0714 - 29
15 363 3 0.0714 - 27
16 313 1 0.0714 - 67
17 313 1 0.134 - 30
18 313 5 0.0714 - 52
19 313 10 0.0714 - 20
20 313 15 0.0714 - 26
21 313 20 - 29
0.0714

a= The initial concentration of 4-TMAP was used as 0.0714 mol L.

Tab. 3. The number average molecular weight (M), mass average molecular weight
(M,,), polydispersity index (PDI) and % values of oxidative polycondensation products
of 0-4-TMAP.

Molecular weight distribution parameters

Total Fraction | Fraction Il Fraction IlI
Compounds M, M, PDI M, M, PDI % M, M, PDl % M, My, PDI %

0-4-TMAP' 2400 6900 2.875 2030 2470 1.217 80 2320 2830 1.220 5 36150 8400 2.324 15

0-4-TMAP* 3700 4260 1.151 1920 2280 1.154 70 2120 2865 1.351 5 38500 44200 1.148 25

0-4-TMAP® 3680 7450 2.024 1980 2440 1.175 65 2150 2850 1.326 5 32150 68730 2.138 30

1= Air O, oxidant: 2= NaOCI oxidant 3= H,O, oxidant

The UV-vis spectra of 4-TMAP and O-4-TMAP were similar to one together.
However, at the spectra of 4-TMAP, K bands of phenol and CsHs-N= were observed
in 235 nm and 269 nm, respectively. Benzene band of 4-TMAP and strength R band
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of -CH=N- groups were observed in 292 and 345 nm, respectively. Lmax values of O-
4-TMAP were observed in 205, 232, 280 and 360. UV-vis spectra of O-4-TMAP, K
and R bands were observed in 280 nm and 360 nm, respectively. The shifting of the -
CH=N- group band from 345 nm to 360 nm has been demonstrated for the formation
of the oligomeric conjugate = electron system. The FT-IR spectra of oxidative
polycondensation product of 4-[(thien-2-yl-methylene)amino] phenol are only different
by reduction of band strength and peak numbers from the FT-IR spectra of 4-TMAP.
In the FT-IR spectra of 4-TMAP and O-4-TMAP, bands of —-OH and —CH=N groups
were observed in 3135 and 1610 cm'“; 3288 and 1606 cm‘1, respectively. In order to
identify the structures of monomer and oligomer, the "H-NMR spectra were recorded
in DMSO-ds. "H-NMR and ">C-NMR spectra of the 4-TMAP are given in Figures 1
and 2, respectively. At the "H-NMR spectra of 4-TMAP and O-4-TMAP, the signals of
—OH and —CH=N groups were observed in 9.52 and 8.75 ppm and 9.64 and 9.16
ppm, respectively. Because of C-C coupling system, a new peak was observed in
5.57 ppm at the "H-NMR spectra of oligomer. According to "H-NMR spectra results,
the shifting to down field of signals of —-OH and —CH=N groups is demonstration of
formation of conjugate n-bond systems. The 'H- "*C-NMR spectra results of the O-4-
TMAP (Figures 3 and 4) confirm the formation of oligomer units.
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Fig. 1. "H-NMR spectrum of 4-[(thien-2-yl-methylene)amino] phenol.
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Fig. 2. *C-NMR spectrum of 4-[(thien-2-yl-methylene)amino] phenol.
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Fig. 3. "H-NMR spectrum of oligo-4-[(thien-2-yl-methylene) amino] phenol.
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Fig. 4. 3c-NMR spectrum of oligo-4-[(thien-2-yl-methylene) amino] phenol.

Other phenol derivatives were also polymerized, and the results have been reported
in the literature [20]. Cross-linking in oligomer structure is expected in those cases
where the ortho positions in the corresponding monomer structure are unsubstituted.
3C-NMR studies on O-4-TMAP indicate that the linkage between any two adjacent
phenyl rings is largely at ortho positions. However, this type of linkage may strain the
oligomer backbone in such a manner that the phenyl rings are out of plane with
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respect to the adjacent rings. The peak values for C2,6 were observed in 116.24 ppm
in the monomer and 124.64 ppm in the oligomer, respectively.
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Scheme 1. Structure of O-4-TMAP.

The oxyphenylene are involved in the formation of free radicals leading to oligomer
formation and they appear to be involved in bond formation. Thus the phenyl rings in
the oligomer a;npears to be linked primarily at ortho positions of oxyphenylene. The
'H-NMR and "C-NMR results showed that the polymerization of 4-TMAP proceeded
by C-C and C-O-C coupling from ortho positions according to —OH group and
oxyphenylene, respectively [21]. According to spectral analyses, a segment of O-4-
TMAP chain can be formulated as follows (Scheme 1).

Thermal analyses of 4-TMAP and O-4-TMAP

TG-DTG-DTA curves of monomer and oligomer are given in Fig. 5 and 6. The initial
degradation temperature, 50% and 58.11% weight loss of 4-TMAP was found to be
492, 871 and 1273 °K, respectively. According to DTA analysis, endothermic and
exothermic peaks were observed in 475 and 529°K, respectively. According to DTG
curve, Thax value of 4-TMAP was 516 °K. The initial degradation temperature, 50%
and 51.38% weight loss of O-4-TMAP was found to be 465, 980 and 1273 °K,
respectively. According to TGA curve, thermal degradation of O-4-TMAP occurred in
one step and it weight loss was found as 51.38% between 423-1273 °K. Because of
C-O-C coupling formation, initial degradation temperature of oligomer was lower than
monomer from TGA measurements. This result C-O-C bond has degraded at lower
temperature than C-C bond. Because of long conjugated band systems, oligomer
demonstrated higher resistance against high temperature than monomer. According
to DTG and DTA curves, exothermic peak and Tax value of O-4-TMAP was 703 and
817 °K, respectively. According to TG analysis, although initial degradation
temperature of O-4-TMAP was lower than monomer, it was more stable than
monomer to temperature and thermal decomposition because carbines residue was
formed at high amounts such as 48.62% at 1273 °K. The presence of water can be
seen in TGA curve of oligomer (Fig. 6), showing between 7.75% wt losses in the
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323-423 °K and 323-463 °K range, respectively, and corresponding to the loss of
water of crystallization (323-423 °K) and coordination water (323-473 °K) [22].

04113, 100, 72,92
0.0- 90_ 60
051 | 30 o ‘

g -1.04 70 4

g 407

£ -15] 604 2

= &£ 30 &

5204 2 50 4 [}

o P L 208

= 25] 404 &

L B SUES

£ -30) " 304 g

= L 0 5

g 20 8

£.35 =
_40] 104 10

-4363] ¢ . . i i i , k2122

10 100 200 300 400 500 600 700 800 900 1000
Temperature (°C)

Fig. 5. TG-DTG-DTA curves of 4-[(thien-2-yl-methylene) amino] phenol.
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Fig. 6. TG-DTG-DTA curves of oligo-4-[(thien-2-yl-methylene) amino] phenol.

Electrochemical Properties of 4-TMAP and O-4-TMAP

The voltammetric measurements of 4-TMAP and O-4-TMAP were carried out in
acetonitrile and DMSO, respectively. The HOMO, LUMO energy levels and

electrochemical energy gaps (E;,) were calculated from oxidation and reduction
onset values [21] and are shown in Figure 7. The HOMO, LUMO energy levels and
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electrochemical band gaps (E;a) of 4-TMAP and O-4-TMAP were found to be -6.13, -
6.02;-2.72, -2.69; 3.41 and 3.33 eV, respectively.
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Fig. 7. Cyclic voltammograms of 4-TMAP (1) and O-4-TMAP (2).
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Fig. 8. Electrical conductivity of I>-doped 4-TMAP and O-4-TMAP vs. doping time at
25°C.
The initial conductivity values %undoping with 15) of 4-TMAP and O-4-TMAP was

between 1072-10"" and 10™°-10” S/em, respectively. When doped with iodine, their
conductivities were increased by about four orders of magnitude (up to 10* S/cm).
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Figure 8 show results of 4-TMAP and O-4-TMAP doped with iodine at various times
at 25 °C. In the doping of 4-TMAP and O-4-TMAP with iodine, it was found that the
conductivity of 4-TMAP and O-4-TMAP first increases greatly with doping time, but
then tends to level-off. The maximum (or saturated) conductivity was 3.30 x 10 and
1.55 x 10° S/cm. The increasing conductivity could indicate that a charge-transfer
complex between 4-TMAP and O-4-TMAP and dopant iodine is continuously formed.
Consequently, Figures 8 not only shows the conductivity/doping time relationship but
also indicates how quickly the doping reaction takes place. The experimental studies
showed that a longer doping time is needed to obtain the maximum conductivity. As a
result, the conductivity/doping time curve varies with doping conditions. In order to
exclude the influence of doping conditions, the conductivity of doped 4-TMAP and O-
4-TMAP has been related with doping extent. According to Figure 8, oligomer
demonstrated higher conductivity than monomer. Nitrogen is a very electronegative
element and it is capable of coordinating an iodine ions. Coordination of iodine during
4-TMAP and O-4-TMAP doping is as indicated in Scheme 2. The coordination of
iodine with Schiff base polymers on the nitrogen atom and pyridine solutions has
been suggested in the literature [7, 23-26].
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Scheme 2. Coordination of iodine during product doping.

Conclusions

0-4-TMAP was synthesized by oxidants such as air O;, H>O, and NaOCI in an
aqueous alkaline medium. The yield of O-4-TMAP was found to be 36, 40 and 47%
for air O,, H,O» and NaOCI oxidants, respectively. At the oxidative polycondensation
reaction of 4-TMAP, NaOCI| demonstrated higher activity than H»O, and air O..
Thermal analysis results demonstrated resistance of synthesized oligomer against
thermal degradation to be enough. Properties of monomer and oligomer with
potential low-band gap characteristics were determined. The band gap value of
monomer was higher than oligomer. This is a result of the azomethine group that is
an electron-donor. This increases the HOMO more than the LUMO and therefore

10

100



lowers the band gap. The observed band gaps are sufficiently low to make these
monomer and oligomer highly promising for photovoltaic applications.

Experimental

Materials

Thiophene-2-carboxyaldehyde, 4-amino phenol, dioxane, methanol, ethanol, 1-
butanol, 2-propanol, acetonitrile, benzene, toluene, ethyl acetate, heptane, hexane,
CCly, CHCI3, tetrahydrofurane, THF, dimethylformamide, DMF, dimethylsulfoxide,
DMSO, H»S04 (98%), NaOH, H-O, (30% aqueous solution), KOH and HCI (37%)
were supplied from Merck Chemical Co. and they were used as received. Sodium
hypo chloride (NaQCI), (30% aqueous solution) was supplied from Paksoy Chemical
Co. (Turkey).

Preparation of 4-[(thien-2-yl-methylene) amino] phenol (4-TMAP)

4-TMAP was prepared by the condensation of thiophene-2-carboxyaldehyde (1.12 g,
0.01 mol) with 4-amino phenaol (1.09 g, 0.01 mol) in methanol (25 ml) achieved by
boiling the mixture under reflux for 3 h at 343°K (Scheme 3). The precipitated 4-
[(thien-2-yl-methylene) amino] phenol was filtered, recrystallized from methanol and
dried in a vacuum desiccators (yield 95%).

Calcd. for 4-TMAP: C, 70.59; H, 4.81; N, 7.49; S, 17.11. Found: C, 70.40; H, 4.65: N,
7.36: S, 16.89. FT-IR (cm™): v (O-H) 3135 s, v (C-H Phenyl) 3050 m, v (C=N) 1610 s,
v (C=C phenyl) 1582, 1500, 1421 s, v (C-O) 1226 s, v (C-S) 708 s. 'H-NMR
(DMSO): & ppm, 9.52 (s, 1H, —OH), 8.75 (s, 1H, —~CH=N-), 6.82 (d, 1H, Ar-Haa’),
7.18 (d, 1H, Ar-Hbb"), 7.20 (d, 1H, -C=CHc), 7.60 (t, 1H, -C=C-Hd), 7.72 (d, 1H, -
C=C-He). 3C-NMR (DMSO): ppm, 156.78 (C1-ipso-OH), 116.24 (C2, 6-H), 128.56
(C3, 5-H), 143.54 (C4-ipso), 150.93 (C7-H), 142.50 (C8-ipso), 132.82 (C9-H), 122.95
(C10-H), 130.54 (C11-H).

Ha\ be' He
2 3/ P|I \ 9 10/
1/ g/
HO—Q’ —N= C—\ ..11
6/—£‘ j° He
Ha Hb

v R H 0
7 N\ YA\ MeOH / i < i
HO < /> NH, [ AR e HO—<’ %N C

Scheme 3. Synthesis of 4-[(thien-2-yl-methylene) amino] phenol.

Synthesis of oligo-4-[(thien-2-yl-methylene) amino] phenol with NaOCI, H>O,, air O;
and not oxidant in an aqueous alkaline medium

O-4-TMAP was synthesized through oxidative polycondensation of 4-[(thien-2-yl-
methylene) amino] phenol with aqueous solutions of NaOCI (30%), H>0» (30%) and
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air O,, respectively, [17]. The 4-TMAP (0.203 g 0.001 mol) was dissolved in an
aqueous solution of KOH (10%, 0.001 mol) and placed into a 50-ml three-necked
round-bottom flask (Scheme 2). It was fitted with a condenser, thermometer, stirrer
and an addition funnel containing NaOCI or H,O,. After heating to room temperature,
NaOCI and H,O» were added drop by drop over about 20 min. The reaction mixtures
were stirred at various temperatures and durations (Table 1 and 2). Air was passed
into an aqueous solution of KOH (20%) before being sent through the reaction tube
to prevent water loss in the reaction mixture and to neutralize CO2in the air (Scheme
4). The reaction mixtures were cooled to room temperature, and then 0.001 mol HCI
(37%) was added. For the separation of mineral salts and unreacted monomer, the
mixture was filtered and washed with hot water (3 x 25 ml) and then dried in a
vacuum oven at 333°K.

Calcd. for O-4-TMAP: C, 71.35; H, 3.78; N, 7.57; S, 17.30. Found: C, 71.03; H, 3.90;
N, 7.20; S, 17.00. FT-IR (cm™): v (O-H) 3288 s, v (C-H Phenyl) 3070 m, v (C=N)
1606 s, v (C=C phenyl) 1565, 1508, 1493s, v (C-0) 1275 s, v (C-S) 713 s. '"H-NMR
(DMSO): & ppm, 9.64 (s, 1H,—OH), 9.16 (s, 1H, —CH=N-), 6.87 (terminal protons, d,
2H, Ar-Haa’), 7.15 (d, 2H, Ar-Hbb’), 6.93 (d, 1H, -C=CHc), 7.64 (t, 1H, -C=C-Hd),
7.72 (d, 1H, -C=C-He). "*C-NMR (DMSOQ): ppm, 179.50 (C1-ipso-OH), 115.69 (C2, 6-
H, terminal), 124.64 (C2, 6-ipso), 125.72 (C3, 5-H), 156.00 (C4-ipso), 160.25 (C7-H),
148.25 (C8-ipso), 130.22 (C9-H), 121.70 (C10-H), 129.36 (C11-H).

I

W, | i : 1/ H.0- / air Y, N T 3
NHO _</ \%N:C e NaOCI/Hy0s /a0y <,,x (. i </
i\ / S W /

KOH (aqu)

Scheme 4. Synthesis of oligo-4-[(thien-2-yl-methylene) amino] phenol.

Electrical Properties

Conductivity was measured on a Keithley 2400 Electrometer. The pellets were
pressed on hydraulic press developing up to 1687.2 kg/cm?. lodine doping was
carried out by exposure of the pellets to iodine vapor at atmospheric pressure and
room temperature in desiccators [7].

Electrochemical Properties

Cyclic voltammetry (CV) measurements were carried out with a CH instruments 660C
Electrochemical Analyzer at a potential scan rate of 20 mV/s. All the experiments
were performed in dry box under Ar atmosphere at room temperature. The
electrochemical potential of Ag was calibrated with respect to the
ferrocene/ferrocenium (Fc/Fc') couple. The half-wave potential (E ’rz) of (Fc/Fc')
measured in 0.1 M tetrabutylammonium hexafluorophosphate (TBAPFg) acetonitrile
solution is 0.39 V vs. Ag wire or 0.38 V vs. supported calomel electrode (SCE). The
voltammetric measurements were carried out for 4-TMAP and O-4-TMAP in
acetonitrile and DMSO, respectively [19]. The HOMO, LUMO energy levels and

electrochemical energy gaps (Er; ) were calculated from oxidation and reduction
onset values.
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Solubility and Characterization Techniques

0O-4-TMAP was dark brown at powder forms and it was completely soluble in organic
solvents such as methanol, DMF, DMSO, aqueous alkaline and conc. HSQ4. O-4-
TMAP was insoluble in ethanol, 1-butanol, 2-propanol, heptane, hexane, benzene,
toluene, ethyl methyl ketone, ethyl acetate, acetonitrile, CHCIs, CCls and dioxane.
The solubility tests were done by using 1 mg sample and 1 ml solvent at 298 °K.

Ultraviolet-visible (UV-vis) and the infrared spectra were measured by Perkin Elmer
FT-IR Spectrum One and Perkin EImer Lambda 25, respectively. The FT-IR spectra
were recorded using universal ATR sampling accessory (4000-550 cm'“). UV-vis
spectra of 4-TMAP and O-4-TMAP were determined by using methanol and DMSO.
Elemental analysis was carried out with a Carlo Erba 1106. 4-TMAP and O-4-TMAP
were characterized by using 'H and '"C-NMR spectra (Bruker AC FT-NMR
spectrometer operating at 400 and 100.6 MHz, respectively) and recorded at 298 °K
by using deuterated DMSO as solvent. Tetramethylsilane was used as internal
standard. Thermal data were obtained by using Perkin Elmer Diamond Thermal
Analysis. The TG-DTA measurements were made between 293-1273°K (in N», rate
10°C/min). The number average molecular weight (M), weight average molecular
weight (My,) and polydispersity index (PDI) were determined by size exclusion
chromatography (SEC) techniques of Shimadzu Co. For SEC investigations a SGX
(100 A and 7 nm diameter loading material) 3.3 mm i.d. x 300 mm columns; eluent:
DMF (0.4 ml/min), polystyrene standards were used. A refractive index detector was
used to analyze the oligomers at 298 °K.
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Poly-2,3-bis[(2-hydroxy-3-methoxyphenyl)methylene]diamino pyridine (FHMPMDAP) that a new

Schiff base polymer has been synthesized and characterized by spectroscopy, elemental, and thermal

analyses techniques. This azomethine polymer was found to form complexes readily with Cu(Il),
Zn(11), Co(1l), Pb(II), and Fe(Il). From IR and UV-Vis studies, the phenolic oxygen and imine nitrogen
of the ligand were found to be the coordination sites. Thermogravimetric analysis (TGA) data

indicate the polymer to be more stable than the monomer. The structure of the polymer obtained was
confirmed by FT-IR, UV-Vis, 13C—l\'l\f‘[R, and "H-NMR. Characterization was undertaken by TGA, size
exclusion chromatography (SEC), and solubility tests. Also, electrical conductivities of PHMPMDAP
and polymer-metal complexes are measured by four probe technique. Copyright © 2008 John Wiley

& Sons, Lid.

KEYWORDS: polymeric Schiff base; oxidative polycondensation; polymer-metal complexes; thermal degradation; electrical conductivity;

coup li ng process

INTRODUCTION

Schiff base polymers, known as polyimines and polyazo-
methine or also named polyazines (when hydrazine is used
as diamine compound) or polyketanils (when diketones are
used as dicarbonyl compounds), were first reported by
Adams et al. in 19231 Spluble conjugated poly(Schiff base)s
provide the opportunity of correlating chemical structure
with their electronic, optical, and optoelectronic properties
such as band gap, refractive index, nonlinear optical
properties, luminescence characteristics, chargc carrier
mobility. It has been shown that the electronic properties
of conjugated Schiff base polymers could be varied through
different backbone rings, electron donating /accepting side
group substitution, intramolecular hydrogen bonding, or
complexation.” Schiff base polymers are generally synthes-
ized by polycondensation reactions, a method that has some
disadvantages; among them the necessity is to ensure special
reaction conditions (such as high temperature) and the use,
in some cases, of special mtalysts.3 Recently, a new method

*Correspondence to: 1. Kaya, Department of Chemistry, Faculty of
Science and Arts, Canakkale Onsekiz Mart University, TR-17020,
Canakkale, Turkey.

E-mail: kayaismet@hotmail.com

Errors were discovered subsequent to publication on 28 January
2008 that have been incorporated here. This notice is included in
the online and print versions to indicate that both have been
corrected [3 July 2008].

of synthesizing Schiff base polymers reported were oxida-
tive polycondensation of monomers containing azomethine
links.*® There are some significant advantages of this method
because of using of oxidants such as NaOCl, H,O,, and air O..
For example, these type of oxidants are cheap and easily
provided. They are simple structured oxidants. Also, they
can be easily separated from reaction mixture. Phenols and
Schiff base substitute phenols were polymerized by using
this oxidants.®? In addition, synthesized compounds have
good solubility properties. With a view to searching for
potential materials for electric, magnetic, and optical
application, our group has been working at the synthesis
of Schiff base substitute oligophenol and their metal
complexes in recent years.

This article reports the synthesis, characterization, con-
ductivity, and thermal properties of a new Schiff base
polymer and its some transition metals.

MATERIALS AND METHODS

Materials

2,3-Diaminopyridine, o-vanillin, methanol, ethanol, benzene,
toluene, ethyl acetate, CH2Clp, CHCls, CCly, acetone, hexane,
THF, DMF, DMSO, H;504 (98%), KOH, hydrochloric acid
(HCI, 37%), H2042 (30% aqueous solution), Co (AcO). 4H:0, Cu
(AcO)4H0, FeSO,7H20, Zn(AcO)24H-0, Pb( AcO)23HOwere
supplied from Merck Chem. Co. (Germany) and they were

Copyright © 2008 John Wiley & Sons, Ltd.
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Scheme 1. Synthesis of 2,3-bis[(2-hydroxy-3-methoxyphenyl)methylene]diamino

pyridine.

used as received. Sodium hypo chloride (NaOCl), (30%
aqueous solution) was supplied from Paksoy Chem. Co.
(Turkey).

Preparation of HMPMDAP
2,3-bis[(2-hydroxy-3-methoxyphenyl)methylene]diamino
pyridine was prepared by the condensation of o-vanillin
(1.36 g, 0.01 mol) and 2,3-diaminopyridine (0.545 g, 0.005 mol)
in the 15 ml methanol achieved by boiling the mixture under
reflux for 3hr (Scheme 1). The precipitated 23-bis[(2-
hydroxy-3-methoxyphenyl)methylene]diamino pyridine was
filtered and recrystallized from the methanol and dried in a
vacuum desiccator.

TH-NMR (DMSO): § ppm, 8.98 (s, 1H, -CH=N-), 9.54 (s,
1H, —Cﬂ=N—), 12.62 (5, 1H,-OH), 13.24 (s, 1TH,-OH), 6.94 (d,
2H, Ar-Ha and Ar-Hj), 7.18 (t, 2H, Ar-Hb and Ar-Hi), 7.38
(d, 1TH, Ar-Hc), 8.46(d, 1H, Ar-Hd), 7.29 (t, 1H, Ar-He),
7.93(d, TH, Ar-Hf), 7.50 (d, 1H, Ar-I lg), 3.79(s, 3H, —OC&),
384 (s, 3H, -OCHs). “C-NMR (DMSO): ppm, 14850
(C1-OH-ipso), 150.94 (C2, C18-OCH3s-ipso), 119.49 (C3-H),
116.18 (C4-H), 124.46 (C5-H), 119.17 (Ct’)—ipso), 166.40 (C7-H),
148.40 (CS—ipSO), 147.13 (CY-H), 124.02 (C10-H), 129.60
(C11-H), 139.38 (C'lZ—ip%), 164.79 (C13-H), 119.28 (C'lf-l»—ipqo),
124.88 (C15-H), 116.38 (Cle-H), 119.95 (C17-H), 152.24
(C'l9—'1p!-}0), 56.20 (C20-H3), 56.09 (C21-Hs).

Synthesis of PHMPMDAP with NaOCl, H,0,
and air O, oxidants in the alkaline medium
PHMPMDAP was synthesized from the oxidative poly-
condensation reaction of HMPMDAP with water solution of
NaOCl (30%), Hz0; (30%), and air Oz, respectively, at the

various temperatures and times in the alkaline medium as
follows (Scheme 2)."

"H-NMR (DMSOY): § ppm, 8.87 (s, 1H, -CH=N-), 9.55 (s,
1H, —CEZN—), 10.28 (s, 1H, —OH), 13.20 (s, 1H, -OH),
6.50-750 (m, 2H, Ar-Ha and Ar-Hj, 2H, Ar-Hb—terminal and
Ar-Hi-terminal and 1H, Ar-He), 7.70 (d, 1H, Ar-Hc), 8.38(d,
1H, Ar-Hd), 8.07 (d, 1H, Ar-H#f), 7.90 (d, 1H, Ar-I lg), 3.82 (s,
3H, ~OCHy), 3.84 (5,3H-OCHy). "*C-NMR (DMSO): ppm,
14997 (C1-0Ot l—ipF;O), 152.92 (C2-0OClt lg—ipso), 119.27
(C3-H), 117.85 (C4-H), 123.48 (C5-H), 118.96 (Cé-ipso),
166.40 (C7-H), 149.05 (CS—ipF;O), 149.26 (C9-H), 123.00
(C10-H), 132.03 (C11-H), 144.69 (C'lZ—ipF;O), 164.76
(C13-H), 119.21 (C'l4—ip.=;0), 127.60 (C15-H), 118.52
(C16-H), 120.52 (C17-H), 152.34 (C18-0OCt lg—ipSO), 154.33
(C19-OH-ipso), 56.80 (C20-Hsz), 56.05 (C21-Hj), 148.62,
145.23 (new peaks of C-C and C-O-C coupling systems).

Electrical properties

Electrical properties of doped and undoped polymer and
polymer—metal complex compounds were determined by
four-point probe technique at room temperature and
atmospheric pressure using Keithley 2400 conductivity
instrument (Keithley, Ohio, USA). The pellets were pressed
on hydraulic press developing up to 1687.2kg/ cm?. lodine
doping was carried out by exposure of the pellets to iodine
vapor at atmospheric pressure and room temperature in a
desiccator. '

Synthesis of PHMPMDAP-metal complexes

A solution of Co (AcO)2 4H:0, Cu (AcO): 4H-0, FeSOy4
7H-0, Zn{AcO)s 4H-0, Pb(AcO)2 3H:20 (1 mmol) in metha-
nol (10ml) was added to a solution of PHMPMDAP

Copyright © 2008 John Wiley & Sons, Ltd.
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Scheme 2. Synthesis of poly-2,3-bis[(2-hydroxy-3-methoxyphenyl)methylene]diamino
pyridine.
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pyridine—metal complex compounds.

(2 mmaol/ unit) in THF (20 ml). The mixture was stirred and
refluxed at 70°C for 3hr (Scheme 3). The precipitated
complex was filtered, washed with cold MeQOH /THF (1:1),
and then dried in a vacuum oven.

Characterization techniques

The infrared spectra were measured by Perkin Elmer
Spectrum One FI-IR system. The FI-IR s;xctra wen
recorded using ATR attachment (4000-550 cm 7). Elemental
analysis was carded out with a LECO CHNS 932, UV-Vis
spectra of HMPMDAF and PHMPMDAF were determined
by using DMS0O. HMPMDAFP and PHMPMDAP were
characterized by using "H-NMR and "C-NMR spectra
(Bruker Avance DPX-400 and 100.6 MHz, respectively)
recorded at 25°C by using deuterated DMS0 as a solvent.
Tetramethylsilane was used as aninternal standard. Thermal
data were obtained by using Perkin Elmer Diamaond Thermal
Analysis. The TGA-DTA measurements were made between
15°C and 1000°C (in Nz, rate 10°C/ min). SEC analyses were
performed at 30°C using DME/MeOH (v/v, 4/1) as an
eluent at a flow rate of 04ml/min. A refractive index
detector was used as a detector. The irstrument (Shimadzu
10AVp series HPLC-SEC system) was calibrated with a
mixture of polystyrene standards (Polymer Labormtories; the
peak molecular weights, M, between 162 and 500,000) using
GPC software for the determination of the molecular weight
(M), weight-average molecular weight (M), and poly-
dispersity index (PDI} of the polymer samples. For SEC
investigations a Macherey-Nagel GmbH & Co. (100 A and
77nm diameter loading material) 33mm id. = 300 mm
columns were used. Metal analvses were carried out by AAS
Shimadzu 6200 in a solution prepared by the decomposition
of the complex compounds with HNOy followed by the
dilution with deionized water.

RESULTS AND DISCUSSION

Synthesis of PHMPMDAP
Poly-2,3-bis[(2-hyd roxy-3-methoxyp henylimethyleneldiamino
pyridine was oxidized by air Oy, HaOs, and NaOC] oxidants

Copyright {3 2008 John Wiley & Sons, Lid.

in an aqueous alkaline medium and reaction conditions
and vields of products are given in Table 1. The vield
of PHMPMDAP was 70.0% at optimum reaction condi-
tions such as [HMPMDAF]l;=0.014 mol/] and [KOHL =
[MaOCllg =008 mol/l at SPC for Thr The vield of
PHMPMDAP was 68% at the reaction conditions such as
[HMPMDAP], = [KOH], = [NaOClly = 0014 mol/l at 50°C
for 1he. The vield of PHMPMDAP was 40% at the reaction
conditions such as [HMPMDAP], = [KOH]g = 0.014 mol/1
and [NaOCl];= 0028 mol /1 at 50°C for 1hr. According to
these values, increasing the oxidant amount decreased the
polymer yield. Under the same conditions, increasing the
reaction times decreased the vield of the polymer. When
reaction times changed from Thr to Shr, the yield of
PHMPFMDAF changed from 70% to 62% at the same
conditions (such as [HMPMDAP], = [KOH], = [NaOCll, =
0.014mol/1 at 50°C) for NaOCl oxidant. At the oxidative
polycondensation reaction of HMPMDAP, when air Oy
passed into at the rate of 8.51/hr in the reaction medium at
50¢C for 1hr, the vield of the product was Z% . The yield of
PHMPMDAF wasz 38% at the reaction conditions such as
[HMPMDAP], = [KOH]y =0.014 mol/l at 60°C for 1hr.
According to these values, increasing the reaction tempera-
tures decreased the polymer yield. The vield of PHMPMDAP
was 44% at  the reaction conditions such as
[HMPMDAP]y = [KOH]y =0.014 mol/1 at 60°C for 3hr. At
the same conditions, increasing the reaction times decreased
the yield of the palymer. When reaction times was changed
from 3hr to 25hr, the yield of PHMPMDAP changed
from 44% to A% at the same conditions (such as
[HMPMDAP], = [KOH], = 0014 mol/1 at 60°C) for air Oy
ocidant.

Solubility

PHMPMDAP was dark brown in powder form and it was
completely soluble in the organic solvents such as DMF,
THF, and DMS0. PHMPMDAP was insoluble in hexane,
benzene, toluene, ethyl acetate, CHyCly, CHCly, CCly, and
acetone. Polymer-metal complex compounds were insoluble
in hexane, benzene, wluene, ethyl acetate, CHaCly, CHCL,

Palym. Adv. Technol. 2008; 19 1154-1183
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Table 1. The oxidative polycondensation reaction parameters of 2 3-bis[(2-hydroxy-3-methoxyphenylimethylene]diamino pyr-
idine® with NaOCI (sample numbers: 1-9), air Oz (sample numbers: 10-19), and H20: (sample numbers: 20-21) in agueous KOH

Sample [KOH], [NaOCIL, (moll ")/ air Temperature Time Yield of
number (el 173 O (1 hed THOL, (mol 175 (*Ch (hr) PHMPMD AP (%)
1 0014 0.014 50 1 68
2 0014 0014 &l 1 67
3 0014 0014 7 1 67
4 0014 0.014 a0 1 L1
5 0014 0014 Qi 1 65
[ 0028 0.0128 50 1 70
7 0014 0.0128 50 1 40
] 0028 0028 50 3 65
9 0028 0.0128 50 5 62
10 0014 85 k1] 1 7
11 0014 85 &l 1 38
12 0014 85 70 1 34
13 0014 85 a0 1 30
14 0014 85 a0 1 23
15 0014 85 i 3 44
16 0014 85 i 5 26
7 0014 85 il 10 21
15 0014 B3 &l 15 7
19 0014 85 il 25 8
20 0014 0014 k1] 1 20
21 0014 0.014 70 3 25

*The initial concentration of HMPMDAP was used as 0.014moll ™.

CCly and acetone. These polymer-metal complex com
pounds were partly soluble in DMSO and DMF.

Structure of PHMPMDALP

According to SEC chromatograms, the values of number
average molecular weight (My) and weight-average mol
ecular weight (M) of PHMPMDAP were calculated
according to a polyvstyrene (P5) standard calibration curve
and am given in Table 2. For NaOCl oxidant, SEC
chromatogram of polymer is given in Fig. 1. The M, M,,,
and PDI values of FHMPMDAP were found to be 6200,
6900 g mol ', and 1.113, respectively, using NaOCl; and 4100,
16,200 gmol ', and 3.951 using air Oy, respectively. When
reaction temperatures and reaction times increased, mol
ecular  weight distribution (MWD) of PHMPMDAFP
increased, but the vield of PHMPMDAP decreased. The
increasing of polymerization time, temperatures, and
oxidant concentrations increased the molecular weight and
MWD of PHMPMDAP. Because of the increasing the

molecular weight, together with the broadening of the
polvdispersity, NMR analvses fail to give valuable infor
mation for the characterization of these compounds.
However, GPC analysis shows that the new polymer was
formed and the traces being shifted to higher molecular
weights. In the same time, the molecular weights measured
by GPC based on PS standards should be taken as the
minimum estimation because of the highly branched or
comb-like structure of the obtained Schiff base polymer.
The UV-Vis spectroscopic studies carried out with DMSO
solutions of the HMPMDAP and PHMPMDAP. At the
spectra of HMPMDAP, K bands of phenol and ~C=N- were
observed in 223nm and 282 nm, respectively. Benzene band
of HMPMDATP and strength R band of ~C=N-groups were
observed in 206 nm and 335 nm, respectively. Apa, values of
PHMPMDAFP were observed in 227, 271, 295, 308, and
332 nm. UV-Visspectra of FHMPMDAFP, K and R bands were
observed in 227 nm and 271 nm, respectively. The band of
=M= group was observed in 332 nm. The UV-Vis spectra

Table 2. The number average molecular weight (M), weight average molecular weight (M), polydispersity index (PDI) and
% wvalues of oxidative polycondensation (OP) products of HMPMDAP

Maolecular weight distribution parameters

Total Fraction [ Fraction [I Fraction 111
Compounds M M., FIM M, M P (%) M, M., P (%) M, M, P (%)
PHMPMDAP* 6200 6900 1113 FE00 0 9000 1200 &0 Q300 11,50 1237 25 2,000 4,800 1045 15
PHMPMDA P 4,100 16,200 3951 00 Q0 1500 &0 19800 F9RND 4030 40 — — — —
PHMPMDAF 5400 770 1426 A0 1000 1333 45 HO0O 1220 16130 450 12350 162800 1375 10
NaCl oxidant.
Bair O, oxidant.
“HeOz oxidant.

Copyright £ 2008 John Wiley & Sons, Lid.
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Figure 1. The chromatographic curve of the OP product of phenyljmethylene jdiamino pyridine (Table 1, sample number B,

HMPMDAP for NaOCI oxidant. MaQCl oxidant).
shows specific bands for Ag., assigned to aromatic and number range 563-59%4cm 1 g assigned to the M-O
azomethinic m-x* transitions at about 280 nm and 350 nm, vibration. The WM-N) band for the ligand complexes are
rcspcctively.ﬁ appeared in the wave number range of 632-664cm ! n
The FI-IR spectral data of monomer, polymer, and order to identify the structures of monomer and polymer, the
polymer—-metal complexes are given Tahle 4. At the FT-IR 'H-NMR spectra were recorded in DMSO-d g, 'H-NMER and
spectra of HMPMDAFP and PHMPMDAFP, bands of -OH and BrNME spectra of the monomer and polymer are given in
~CH=N groups were observed in 3378 and 1603 cm l; 3400 Figs 2-5, respectively. According to the TH-NMR spectra

and 1620cm respectively. At the FI-IE spectra of results, the signals of phenyl ~<OH and ~CH=N groups were
polymer-metal complex compounds, most of the band shifts observed in 1262, 1324ppm and 898, 954ppm for

observed at the wave number region 1200-900 cm ! are in monomer; 10.28, 13.20ppm and 8.87, 9.55ppm for polymer,
agreement with the structural changes observed in the respectively. The FI-IK spectral data and the results of the
molecular carbon skeleton after complexation, which cause 'H-"C-NMR spectra of the PHMPMDAF have confirmed
some important changes in (C-C) bond lengths. Mew peaks together. Other phenol derivatives were also polymerized
of sharp, small, or broad intensities are observed inthe wawve and the results were reported in the literatures." Elemental
Hd He
1[{‘ -
{’_ He
-CH=N- Ha C=N '\r_é =i
-CH=N- HyCO HOY OO0H;
Ho,H fn, Hj
-QCH,
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Figure 2. "H-NMR spectrum of 2, 3-bis[{2-hydroxy-3-methaxyphery)methylene] dia-
mino pyriding (Table 1, sample number 8, NaOC| oxidant).
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Figure 4. "H-NMR spectrum of poly-2,3-his[(2-hydroxy-
F-methoxyphenylimethyleneldiamine  pyridine  (Table 1,
sample number 8, NaOC| axidarnt).

analyses and FI-IR data of monomer, polymer, and
polymer-metal complex compounds are given in Tables 3
and 4, respectively. The elemental analyses were satisfactory
and show that the complexes have a ligand-to-metal ratio of
21

According to S0 MME, the peak values for C1, C4, Cl8,
and C19 arme observed in 14850, 11618, 11638, and
15224 ppm in the monomer and 1449.97, 117.85, 118.52, and
154.33 ppm in the polymer, respectively. These values are in
agreement with the theoretically calculated peak position for
para linkages on the ring. The oxyphenylene are involved in
the formation of free radicals leading to polymer formation
and they appeared to be involved in the bond formation.
According to "H-MME, total proton integral values of
hydroncyl groups were found to be 1.4%6. Thus, the phenyl

]
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rings in the polymer appears to be linked primarily at para
and oxvphenylene positions. On the other hand, the new
peaks are observed in 148.62ppm and 14523 ppm at the
BC-NMR spectra of the polymer. These peaks are not present
in the case of monomer. These new peaks are assigned to C-C
and C-0-C coupling systems (Scheme 2). Metal ion values
of PHMPMDAP-Cu, PHMPMDAP-Fe, PHMPMDAP-Fb,
PHMPMDAP-Zn, and PHMPMDAP-Co complex com-
pounds are calculated by AAS. The elemental analyses
results of metal ions of these complex compounds were
found to be less than the expected values. This case can be
explained by the C-0-C coupling system.

Thermal studies

The thermal degradations of HMPMDAP, PHMPMDAP,
PHMPMDAP-Co, PHMPMDAP-Cu, PHMPMDAP-Fe,
PHMPMDAP-Ph, and PHMPMDAP-Zn were studied by
TCA-DTG-DTA analvses at N, medium and thermal
analyses results and the curves of these analyses are given
in Table 5 and Figs 6-8, respectively. The initial degradation
temperature of PHMPMDAP was higher than HMPMDAP.
This polymer formed a residue at high amount such as
4227% at 1000°C. Because of the long conjugated band
systems, polymer demonstrated higher resistance against
high temperature according to the monomer. The high
thermal stability of PHMPMDAP demonstrated to be formed
of C-C coupling system. PHMPMDAP-Cu compound
demonstrated higher thermal stability according to other
polymer-metal complex compounds. The initial degradation
temperature and 58.06% weight loss of PHMPMDAP-Fe
compound was found to be 304°C and T0FC, respectively.
According to TGA curves, high of thermal stability of
polymer-metal complex compounds may indicate the
formation of metal-oxygen valance and metal-nitrogen
coordination bond between polymer-metal ions. The pre-
sence of water can be seen in TGA and DTG curves of
polymer-metal complex compounds (Figs 6, 7) showing
between 6 and 17 wit% losses in the 100-225°C range and
corresponds to the loss of water of crystallization (50-150°C)

n
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Figure 5. "“C-NMR spectrum poly-2,3-his[(2-hydraoy-3-methoyphenylimethylene]
diamino pyrdine (Table 1, sample number 8, NaOC| axidant).
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Table 3. Elemental analyses data and yields of HMPMDAR, PHMPMDAR and polymer-metal complexes

PAT

Calculated (%, found)

Compounds C H N Metal Yield (%)
HMPMDAP HHED (6674 A07 (4.92) 1113 (11.02) — —
PHMPMDAP 67.19 (67.00) 4.57 442 1112 11 L.00 — i}
PHMPMDAPCu 62.26 (H2.05) ENERENH ) W37 (10.21) 7 B4 7.65) 38
PHMPMDAPCo G161 (B4 75 (363 1043 (10.32) TAT7A9 18
PHM FMDAP-Fb S2EE (527N 307 (305 HED (5469 2172021 58) 12
PHM PMDA P-Fe H2ES (2T ATT (366 T047 (10.33) H A6 (5420 41
PHMPMDAP-Zn 6211 (6200 72 (361 T35 (10.23) E05(7.92) 14
Table 4. FT-IR spectral data of HMPMDAFR, PHMPMDAR, and palymer-metal complexes
Wave number {cm~")

Compounds -0OH “CH=N -L=C -C-0 -CH, Metal-O Metal-N
HMPMDAP EER. 1603 1460, 1440, 1423 1244 2936 — —
PHMPMDAFP 2400 1620 160G, 1560, 1463 1245 2493z — —
PHMPMDAPCu 3361 1603 15340, 1473, 1440 1240 2933 573 652
PHMPMDAPCo 3338 1604 1560, 1542, 1420 1242 2923 575 Gl
PHM FMDA P-Fe 3198 1603 1541, 1475, 1423 1247 24930 594 hd5
PHM PMDAP-Pb 3235 1532 1465, 1432, 1404 1235 2403 563 h56
PHMPMDAP-Zn 3297 1604 1565, 1538, 1469 1239 2928 560 63z
Table 5. Thermal decomposition values of HMPMDAR PHMPMDAR and polymer-metal complex compounds

TGA DTA
Compounds Tem™ W T8 20% Weight loss 0% Weight loss % Residue at 1000°C Exo Endo
HMPMDAP 296 M5 ErE] 75 274 it} 141
PHMPMDAFP 03 240 M5 ] 4227 300 —
PHM PMDAP-Cu 04 342 a74 — SR04 — —
PHMPMDAP-Zn 282 329, 6, 853 458 EE0 4020 — —
PHMPMDAP-Fe 332 407, 621, 841 538 — S6ET — —
PHM FMDAP-Fb 193 267, 5492 L e Q68 4157 — —
PHMPMDAP-Co 290 332, 581 457 737 3219 — —

*“The anset temperature.
“Maximum weight temperature.

and coordination water (150-200°C). This can also explain
the differences appeared between the found and calculated
clemental analysis values. PHMPMDAP-Co demonstrated
lower thermal stability against thermal degradation than
other polymer-metal complex compounds. According to
TG analyses weight loses of polvmer metal complex com
pounds changed at 1000°C as follows: PHMPMDAP-Cu =
PHMPMDAP-Fe > PHMPMDAP-FPb = PHMPMDAP-Zn =
PHMPMDAP-Co.

Electrical properties

HMPMDAFP and PHMPMDAP have conductivities of
790 107" and 457 = 107M'S/cm, respectively. When
doped with iodine, their conductivities could be increased
by about two orders of magnitude (up to 10°25/cm).
Figure 9 shows the doping results for PHMPMDAP and
polyvmer—metal complex compounds with iodine for the

Copyright & 2008 John Wiley & Sons, Lid.
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varous times at 25°C. In the doping of HMPMDAFP and
PHMPMDAP with iodine, it was found that the conduc
tivities of HMPMDAP and PHMPMIDAP first increase
greatly with doping time, but then tend 1o level-off. The
maximal (or saturated) conductivity was 2.28 = 10°* and
48410775 /em, respectively (shown in Fig. 9). The
increasing conductivity could indicate that a charge-transfer
complex between compounds and dopant iodine is continu
ously formed. In order to exclude the influence of doping
conditions, the conductivity of doped polymer-metal
complex compounds have been related with the doping
extent. The maximal or satrated conductivity values
of PHMPMDAP-Cu, PHMPMDAP-Co, PHMPMDAP-Zn,
FHMPMDAP-Fb, and PHMPMDAP-Fe were found to
be 7.51x10°% 955+10°% 194 107% 125107 and
1.08 % 10775 fem, respectively. According to the values,
the highest conductivity was observed in PHMPMDAP-Fe

Palym. Adv. Technol. 2008; 19: 1154-1163
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Figure 6. TGA curves of manomer, palymer, and polymer-metal complex com-

pounds. This figure is available in color online at wwwinterscience. wiley.com/
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Figure 7. DTG curves of monomer, polymer, and polymer-metal complex com-
pounds. This figure is available in color online at www.interscience wileycom/
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Figure 9. Electrical conductivities changes of l»-doped (&)
monomer and polymer; (b) polymer-metal complexes (Cu,
Co, Pb, Zn, and Fe) versus doping time at 25°C.

compound. Diaz et al'® had suggested the conductivity
mechanisms of Schiff base polymers for doping with iodine.
Mitrogen is a very electronegative element and itis capable of
coordinating an iodine molecule. Coordination of jodine
during PHMPMDAFP doping is as follows: (Scheme 4). On
the nitrogen atom coordination of iodine swith Schiff base
polymers and pyridine solutions had been suggested in the
literatures belonw.'®

FoN
o

HzCO \0_)_ H i

I I
Scheme 4. Coordination of iodine during PHMPMDAP
doping.
Copyright 3 2008 John Wiley & Sons, Lid.
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Table 6. The optical band gaps (Eg), Ama (nm), and
Aanse (M) values of monomer, polymer, and polymer—-metal
complex compounds

Products A (M) Eg(2V)  dgnge (nm)
HMPMD AP 206, 223, 262, 335 294 422 45
PHMPMDAP 277,271, 295, 308, 32 280 44357
PHMPMDAP—Cu 262, 312, 356, 437 236 526.27
PHMPMDAP-Co 268, 306, 418 205 #1585
PHMFMDAFP—Zn 256, 307, 12,429 240 517.50
PHMPMDAP-Fb 261, 309, 330, 47 245 06,94

As seen from these results, the cond uctivity of the polymer
is higher than the monomer. This may be ascribed to the
conjugation length in the complexes arising from delocaliza-
tion of m-electrons in the chelate ring. The increasing
conjugation length in the complexes may lead to higher
conductivity. ' In the case of the doped polymer-metal
complexes, if one is to ignore the little details, the behaviors
of the five polymer-metal complexes are clearly similar. The
curves are mostly indistinguishable. It can be noticed that the
introduction of the metal ions intoorganic polymer increased
its electrical conductivity.

(a) 10
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g } o
05/
% ,
2 -,
>,
[+] T e — |
50 o 30 400 asn A00
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Figure 10. UV-Vis spectra of (a) monomer and palymer, (b)
palymer—metal complex compounds with Cu'®, Zn'2, Pp'2
and Co"™. This figure is available in color online at wwwin-
terscience.wileycomfournal/pat
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The absorption spectra of monomer, polymer, and
polymer-metal complex compounds were mecorded by
using methanol and DMS0O, respectively, at 25°C and are
given in Table 6 and Fig 10, The optical band gap (E.)
values of HMPMDAP, PHMPMDAP, PHMPMDAP-Cu,
PHMPMDAP-Co, PHMPMDAP-Zn, and PHMPMDAP-Fb
were found to be 294, 280, 236, 205, 240, and 2.45,
respectively.  According to these results, E; wvalue of
PHMPMDAP-Co was lower than other monomer, polymer,
and polymer-metal complex compounds.

CONCLUSION

Oxidative polymerization experiments of HMPMDAP were
performed at varying temperatures and times using different
oxidant agents such as air Oy, NaOCl, and HaOs. The major
feature of the synthesized Schiff base polymer is their good
solubility in aprotic organic solvents such as DMSO and
DMF unlike most aromatic poly-Schiff bases which are
insoluble. This opens up the opportunities for various
applications such as electroactive and photoactive materials.
Also, these conjugated polymers exhibited faidy good
thermal stability on the basis of thermogravimetric analysis.
The existence of dentate O~ and N-donor sites for binding
metal ions indicates that these compounds would have
potential uses in making organic functional materials.

Copyright @ 2008 John Wiley & Sons, Lid.
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Abstract

The polymer of 4-[1-(4-hydroxyphenyl)ethylidenamino]phenol (4-HPEAP) with Schiff base
substitute was formed by oxidants such as air O,, H,O, and NaOCI in an aqueous alkaline
medium. The yield of polymer was found to be 95, 51 and 96% for air O,, H,O, and NaOCl
oxidants, respectively. During these polymerization reactions of 4-HPEAP, H,0,
demonstrated to less activity than NaOCI and air O,. The spectral analyses results such as 'H-
NMR and C-NMR showed that the presence of phenol units was connected at the ortho
positions by forming of C-C coupling system. The polymer was found to possess relatively
high thermal stability. This polymer lost half of the weights at 230°C. The highest occupied
molecular orbital (HOMO), the lowest unoccupied molecular orbital (LUMO) and

electrochemical energy gaps (E; ) of 4-HPEAP and P-4-HPEAP were found to be -6.30, -

6.15; -2.41, -2.57; 3.89 and 3.58 eV, respectively. According to UV-vis measurements,
optical band gaps (E;) of 4-HPEAP and P-4-HPEAP were found to be 3.56 and 3.47 eV,
respectively.

Key words: Oxidative polycondensation, poly-4-[1-(4-hydroxyphenyl)ethylidenamino]
phenol, thermal analysis, conductivity and optic and electrochemical band gaps.
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1. Introduction
The oligophenols and their derivatives which included azomethine (-CH=N) and active
hydroxyl (-OH) groups are an attractive class of polymers that exhibit interesting properties

which are associated mainly with their conjugated backbone and the presence of imine sites.
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Thus, they present good thermal stability, the ability to form metal chelates , electrical and
optical properties. Because of these properties, oligophenols are used to prepare composites
with resistance to high temperature and graphite materials, epoxy polymer and block
copolymers adhesives, and antistatic materials [1-12]. These compounds can gain new
properties when other functional groups are added to their structures[13]. Also, these type
polymers can be used as anti-microbial agents [14, 15]. Most of these compounds exhibit an
unusual adsorptive behavior with different solvents, very similar to those of molecular
sieves[16-19]. They have the capability of coordination with different metal ions[20, 21] and
they can be used for cleaning of poisonous heavy metals in the industrial waste waters.
Therefore, the synthesis of polymer-metal complexes is very important for analytic and
environmental chemistry [22, 23]. It seemed advantageous to attempt to design and prepare a
polymer-bound chelating ligand, which would be able to form complexes with a variety of
transition metals. There are some typical synthetic methods for oligophenols. The first
oxidative polymerization represents nucleofilic substitution of halogenated aromatic
compounds by metal phenolates and other catalytic oxidative polymerization of phenols[24].
The other one method is the oxidative polycondensation of Schiff base monomers including
phenol. Phenols and Schiff base substitute phenols were easily polymerized using these
oxidants. This method has significant advantages such as moderate reaction temperatures, and
water as by-product. Used oxidants are cheap and simple structured oxidants. The oxidative
polymerization, therefore, is to be regarded as a clean and low-loading process for synthesis
of phenolic polymers.

In this paper, we have investigated the effects of different parameters such as temperature,
reaction time, various oxidants and initial concentration of NaOCI for the formation of P-4-
HPEAP. We have characterized 4-HPEAP and P-4-HPEAP by using FT-IR, UV-vis, 'H-
NMR, "“C-NMR, elemental analysis, TG-DTA and SEC techniques. The electrical

conductivity of the polymer was measured after doping with I,. Also, electrochemical (E(;, )

and optical (E;) band gaps of the monomer and polymer were determined from cyclic
voltammetry and UV-vis measurements.
2. Materials and Methods
2.1. Materials

4-Hydroxyacetophenon, 4-aminophenol, dioxane, methanol, ethanol, 1-butanol,
acetonitrile, benzene, toluene, acetone, ethyl acetate, heptane, CCls, CHCls, tetrahydrofurane,

THF, dimethylformamide, DMF, dimethylsulfoxide, DMSO, H,SO4 (98%), NaOH, KOH and
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hydrochloric acid (37%, HCI) were supplied from Merck Chemical Co. and they were used
as received. Sodium hypo chloride (NaOCIl), (30% aqueous solution) was supplied from
Paksoy Chemical Co. (Turkey). 4-[1-(4-hydroxyphenyl)ethylidenamino]phenol was
synthesized from condensation reaction of 4-hydroxyacetophenon with 4-aminophenol and its
recrystallized in methanol.
2.2. Preparation of 4-[1-(4-hydroxyphenyl)ethylidenamino]phenol (4-HPEAP)

4-[1-(4-hydroxyphenyl)ethylidenamino]phenol was prepared by the condensation of 4-
hydroxyacetophenon (1.36 g, 0.01 mol) with 4-aminophenol (1.09 g, 0.01 mol) in ethanol (50
ml) achieved by boiling the mixture under reflux for 2h at 70°C (Schemel). The precipitated
4-[1-(4-hydroxyphenyl)ethylidenaminoJphenol was filtered, recrystallized from ethanol and
dried in vacuum desiccators (yield 88%).
Calcd. for 4-HPEAP: C, 74.01; H, 5.73; N, 6.17. Found: C, 73.90; H, 5.59; N, 6.05. UV-vis
(Amax): 204, 220, 277 and 335 nm. FT-IR (cm™): v (O-H) 3285 s, v (C-H Phenyl) 3073 m, v
(C-H aliphatic) 2992 s, v (C=N) 1659 s, v (C=C phenyl) 1602, 1576, 1509 s, v (C-O) 1277 s.
'H-NMR (DMSO): 6 ppm, 9.15 (s, 2H, -OH); 6.51 (d, 2H, Ar-Haa’), 6.45 (d, 2H, Ar-Hbb’),
7.83 (d, 2H, Ar-Hee’) 6.93 (d, 2H, Ar-Hdd’) 2.50 (s, 3H, -CH;). "C-NMR (DMSO): ppm,
148.81 (Cl-ipso-OH), 115.83 (C2,6-H), 129.11 (C3,5-H), 141.01 (C4-ipso), 170.25 (C7-
ipso), 137.44 (C8-ipso), 131.17 (C9,13-H), 116.06 (C10,12-H), 162.48 (C11-ipso-OH), 26.65
(C14-Hs).

O

H
CHj
EtOH

CHs

Scheme 1. Synthesis of 4-[1-(4-hydroxyphenyl)ethylidenamino]phenol

2.3. Synthesis of P-4-HPEAP with NaOCI, H,O, and air O; in aqueous alkaline medium
P-4-HPEAP was synthesized through oxidative polycondensation of 4-[1-(4-
hydroxyphenyl)ethylidenamino]phenol with aqueous solutions of NaOCl (30%), H,O, (30%)
and air O,, respectively, [10]. The 4-HPEAP (0.227 g 0.001 mol) was dissolved in an aqueous
solution of KOH (10%, 0.001 mol) and placed into a 50-ml three-necked round-bottom flask
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(Scheme 2). It was fitted with a condenser, thermometer, stirrer and an addition funnel
containing NaOCl or H,O,. After heating to room temperature, NaOCl and H,O, were added
drop by drop over about 20 min. The reaction mixtures were stirred at the various
temperatures and durations (Table 1 and 2). Air was passed into an aqueous solution of KOH
(20%) before being sent through the reaction tube to prevent water loss in the reaction
mixture and to neutralize CO; in the air (Scheme 2). The reaction mixtures were cooled to
room temperature, and then 0.001 mol HCI (37%) was added. For the separation of mineral
salts, the mixture was filtered and washed in 25 ml of hot water for three times. Unreacted
monomer was separated from the reaction products by washing ethyl acetate and then dried in

an oven at 110°C.

Calcd. for P-4-HPEAP: C, 74.67; H, 4.89; N, 6.22. Found: C, 74.40; H, 5.20; N, 6.00. UV-vis
(Amax): 205, 233, 296 and 381. FT-IR (cm™): v (O-H) 3328 s, v (C-H Phenyl) 3075 m, v (C-H
aliphatic) 2994 s, v (C=N) 1618 s, v (C=C phenyl) 1595, 1570, 1498 s, v (C-O) 1280 s. 'H-
NMR (DMSO): 6 ppm, 8.68 (s, 2H, -OH); 5.50 (s, 2H, Ar-Hbb’); 5.92 (s, 2H, Ar-Hcc’);
[terminal protons: 6.48 (d, 2H, Ar-Haa’), 6.41 (d, 2H, Ar-Hbb’), 7.10 (d, 2H, Ar-Hec’) 6.81
(d, 2H, Ar-Hdd")]; 2.51(s, 3H, -CH3). >C-NMR (DMSO): ppm, 166.86 (C1, C11-ipso-OH),
116.20 (C2-6-H, terminal), 125.16 (C2-6-ipso), 129.85 (C3-H, C-5), 149.44 (C4-ipso), 175.53
(C7-ipso), 141.32 (C8-ipso), 132.58 (C9-H, C13-H), 116.45 (C10-12-H, terminal), 126.55
(C10-12-ipso), 27.40 (C14-Hs).

n HO CN—@OH
H

|
CH;

‘ NaOC]/Hzoz/Alr 02
KOH (aqu.) HO =N OH

CH; n

Scheme 2. Synthesis of poly-4-[1-(4-hydroxyphenyl)ethylidenamino]phenol

2.4. Electrical Properties

Conductivity was measured on a Keithley 2400 Electrometer. The pellets were pressed on
hydraulic press developing up to about 1.70'10° kg/cm®. Iodine doping was carried out by
exposure of the pellets to iodine vapor at atmospheric pressure and room temperature in

desiccators [25].
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2.5. Electrochemical Properties

Cyclic voltammetry (CV) measurements were carried out with a CH instruments 660C
Electrochemical Analyzer at a potential scan rate of 20 mV/s. All the experiments were
performed in dry box under Ar atmosphere at room temperature. The electrochemical
potential of Ag was calibrated with respect to the ferrocene/ferrocenium (Fc/Fc") couple. The
half-wave potential (El/z) of (Fc/Fc") measured in 0.1 M tetrabutylammonium
hexafluorophosphate (TBAPFs) acetonitrile solution is 0.39 V vs. Ag wire or 0.38 V vs.
supported calomel electrode (SCE). The voltammetric measurements were carried out for
monomer and polymer in acetonitrile and DMSO, respectively. The HOMO and LUMO

energy levels of the monomer and polymer were determined from the onset potentials of the
n-doping (4, ) and p-doping (¢;7 ), respectively, as literature[26].

2.6. Optical Properties

The optical band gaps (E,) of monomer and polymer compounds were calculated from their
absorption edges. Ultraviolet-visible (UV-vis) spectra were measured by Perkin Elmer
Lambda 25. The absorption spectra of monomer and polymer were recorded by using
methanol and DMSO, respectively, at 25°C.

2.7. Solubility and Characterization Techniques

P-4-HPEAP was dark brown at powder forms and it was completely soluble in organic
solvents such as DMF, THF, DMSO, aqueous alkaline and conc.H,SO4 but it was partly
soluble in methanol, ethanol and 1-butanol. P-4-HPEAP was any insoluble in heptane,
hexane, benzene, toluene, ethyl acetate, acetonitrile, CHCl;, CCl4 and dioxane. The solubility
tests were done by using 1 mg sample and 1 ml solvent at 25°C.

The infrared spectra was measured by Perkin Elmer FT-IR Spectrum one. The FT-IR spectra
were recorded using universal ATR sampling accessory (4000-550 cm™). Elemental analysis
was carried out with a Carlo Erba 1106. UV-vis spectra of 4-HPEAP and P-4-HPEAP were
measured by Perkin Elmer Lambda 25. UV-vis spectra of 4-HPEAP and P-4-HPEAP were
determined by using methanol and DMSO. 4-HPEAP and P-4-HPEAP were characterized by
using 'H-NMR and *C-NMR spectra (Bruker AC FT-NMR spectrometer operating at 400
and 100.6 MHz, respectively) and recorded by using deuterated DMSO-ds as a solvent at
25°C. Tetramethylsilane was used as internal standard. Thermal data were obtained by using
Perkin-Elmer Diamond Thermal Analysis. The TG-DTA measurements were made between
20-1000°C (in Nj, rate 10°C/min). The number average molecular weight (M,), weight

average molecular weight (My) and polydispersity index (PDI) were determined by size

119



exclusion chromatography (SEC) techniques of Shimadzu Co. For SEC investigations were
used a SGX (100 A and 7 nm diameter loading material) 3.3 mm i.d. x 300 mm columns;
eluent: DMF (0.4 ml/min), polystyrene standards. A refractive index detector (at 25°C) was
used to analyze the product.

3. Results and Discussion

3.1. The Investigation of synthesis conditions of P-4-HPEAP
4-[1-(4-hydroxyphenyl)ethylidenamino]phenol not oxidized at the normal condition at the
neutral aqueous and organic medium by air O, H>O, (30% aqueous solution), and NaOCl
(30% aqueous solution). When 4-HPEAP interacted by oxidants such as air O,, H,O, and
NaOCl, it immediately precipitated phenoxy radicals with brown adding to alkaline solution.
The conditions of oxidative polycondensation reaction of 4-HPEAP with 30% NaOCl
solution in aqueous alkaline medium are given in Table 1. The yield of P-4-HPEAP was 86%
at the NaOCl medium for 3 h at 80°C. As seen from Table 1, the yields increased in
increasing of temperature (except for 90°C). The yield of 4-HPEAP was 96% at the reaction
conditions such as [KOH];=0.002 and [4-HPEAP],= [NaOCl]y=0.001 mol/L at 60°C for 5h.
At the same conditions, when molar amount of alkaline increased in two coating, total yield
of P-4-HPEAP changed from 83% to 94%.

The oxidative polycondensation reaction conditions of 4-MPIMP with 30% H,O, solution in
an aqueous alkaline medium are given in Table 2. The yield of P-4-HPEAP was 51% at
optimum conditions such as [4-HPEAP], = [KOH]y=[H20,]¢=0.001 mol/L, at 70°C for 5h. At
the same conditions, when molar amount of alkaline increased in two coating, total yield of P-
4-HPEAP changed from 51% to 46%. The yield of P-4-HPEAP was 36% at the reaction
conditions such as [4-HPEAP]y= [KOH]y=[H20,]0=0.001 mol/L at 70°C for 15h. According
to these values, yield of P-4-HPEAP decreased increasing of reaction time. At the oxidative
polycondensation reaction of 4-HPEAP, when air oxygen passed into 8.5 L/h rate at the
reaction medium at 30°C, the yield of product was 82%. The yield of P-4-HPEAP was 95% at
optimum conditions such as [4-HPEAP], = [KOH]p = 0.01 mol/L at 50°C for 10 h. The
various conditions for P-4-HPEAP are given in Table 2. As is seen from Table 1 and 2, in
these reactions the yield of the polymer was dependent upon temperature, times and initial
concentrations of alkaline. At the same conditions, the yield of P-4-HPEAP with NaOCl and
air O, was higher than H,0,.
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Table

1.

The

oxidative

polycondensation

reaction

parameters

hydroxyphenyl)ethylidenamino]phenol® with NaOCl in aqueous KOH

Sample | [KOH], [NaOCl]p | Temp., | Times | The yield of
No mol LY |mol LY | ey |® | p4HPEAP%

1 0.001 0.001 50 3 76
2 0.001 0.001 60 3 83
3 0.001 0.001 70 3 85
4 0.001 0.001 80 3 86
5 0.001 0.001 90 3 79
6 0.001 0.001 80 5 91
7 0.001 0.001 80 10 88
8 0.001 0.001 80 15 81
9 0.001 0.001 80 25 80
10 0.002 0.001 50 3 91
11 0.002 0.001 60 3 94
12 0.002 0.001 70 3 90
13 0.002 0.001 80 3 86
14 0.002 0.001 90 3 79
15 0.002 0.001 60 5 96
16 0.002 0.001 60 10 93
17 0.002 0.001 60 15 88
18 0.002 0.001 60 25 85
19 0.001 0.002 50 3 86
20 0.001 0.002 60 3 90
21 0.001 0.002 70 3 84
22 0.001 0.002 80 3 80
23 0.001 0.002 90 3 80
24 0.001 0.002 60 5 90
25 0.001 0.002 60 10 93
26 0.001 0.002 60 15 90
27 0.001 0.002 60 25 90

a= The initial concentration of 4-HPEAP was used as 0.001 mol L',
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Table

2. The

oxidative  polycondensation

reaction

parameters

of 4-[1-(4-

hydroxyphenyl)ethylidenamino]phenol with H,O, (1-18) and air O, (19-27) in aqueous KOH

Sample | [KOH], [H,0:]o (mol L) Temp., | Times | The yield of
No mol LYy |orair0,@why |ccy | M P-4-HPEAP, %
1 0.001 0.001 50 3 38
2 0.001 0.001 60 3 43
3 0.001 0.001 70 3 47
4 0.001 0.001 80 3 40
5 0.001 0.001 90 3 38
6 0.001 0.001 70 5 51
7 0.001 0.001 70 10 44
8 0.001 0.001 70 15 36
9 0.002 0.001 50 3 24
10 0.002 0.001 60 3 31
11 0.002 0.001 70 3 38
12 0.002 0.001 80 3 30
13 0.002 0.001 90 3 29
14 0.002 0.001 70 5 46
15 0.002 0.001 70 10 42
16 0.002 0.001 70 15 31
17 0.002 0.001 70 25 26
18 0.001 85 30 3 82
19 0.001 85 40 3 87
20 0.001 85 50 3 91
21 0.001 85 60 3 90
22 0.001 85 70 3 81
23 0.001 85 80 3 73
24 0.001 85 90 3 68
25 0.001 85 50 1 79
26 0.001 85 50 5 93
27 0.001 85 50 10 95
28 0.001 85 50 15 91
29 0.001 85 50 25 88
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3.2. Structure of P-4-HPEAP

According to SEC chromatograms, the values of number-average molecular weight (M,) and
weight-average molecular weight (My,) of P-4-HPEAP were calculated according to a
Polystyrene standard calibration curve and are given in Table 3. According to the SEC
analysis, the number-average molecular weight (M,,), weight-average molecular weight (My,)
and polydispersity index (PDI) values of total of P-4-HPEAP were found to be 3000, 3300 g
mol™ and 1.100, using H,0, and 1400, 1550 g mol™ and 1.107, using air O, and 5000, 5470 g
mol and 1.094, using NaOCl, respectively.

Table 3. The number average molecular weight (M,), weight average molecular weight

M), polydispersity index (PDI) and % values of P-4-HPEAP
( polydispersity

Molecular weight distribution parameters

Total Fraction I Fraction II Fraction III

Compounds M, M, PDI M, M, PDI %% M, M, PDI % M, M, PDI %

P-4-HPEAP' 1400 1550 1.107 2000 2200 1.100 60 2700 3200 1.185 30 22500 24000 1.067 10
P-4-HPEAP> 5000 5470 1.094 2500 2900 1.160 15 3000 3750 1.250 30 25000 27000 1.080 55
P-4-HPEAP® 3000 3300 1.100 2800 3350 1.196 30 2900 3500 1.207 45 27000 29500 1.093 25

1= Air O, oxidant; 2= NaOCl oxidant 3= H,0, oxidant

The UV-vis spectra of 4-HPEAP and P-4-HPEAP were similar to one together. However, at
the spectra of 4-HPEAP, K bands of phenol and C¢Hs-N= were observed in 220 nm and 277
nm, respectively. Strength R band of -CH=N- group was observed in 335 nm. A, values of
P-4-HPEAP were observed in 205, 233, 296 and 381 nm. UV-vis spectra of P-4-HPEAP, K
and R bands were observed in 296 nm and 381 nm, respectively. The UV-vis spectra shows
specific bands for Anax assigned to aromatic and azometinic n-mt* transitions at about 280 and
350 nm, respectively, [27]. The shifting of the -CH=N- group band from 296 nm to 381 nm

has been demonstrated to the formation of the polymeric conjugate m system.
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According to the FT-IR spectra of 4-HPEAP, at the FT-IR spectra of oxidative
polycondensation product of 4-[1-(4-hydroxyphenyl)ethylidenamino]phenol are only different
by reduction of band strength and peak numbers. At the FT-IR spectra of 4-HPEAP and P-4-
HPEAP, bands of —OH and —C=N groups were observed in 3285 and 1659 cm™; 3328 and
1618 cm™, respectively. In order to identify the structures of monomer and polymer, the 'H-
BC-NMR spectra were recorded in DMSO-ds. 'H-NMR and "*C-NMR spectra of the 4-
HPEAP and P-4-HPEAP are given in Figs.1, 2, 3 and 4, respectively. At the '"H-NMR spectra
of 4-HPEAP and P-4-HPEAP, the chemical shift values (ppm) of OH and aromatic and
aliphatic protons were observed in 9.15 (s, 2H, -OH); 6.51 (d, 2H, Ar-Haa’), 6.45 (d, 2H, Ar-
Hbb’), 7.83 (d, 2H, Ar-Hee’) 6.93 (d, 2H, Ar-Hdd’) 2.50 (s, 3H, -CH3) and 8.68 (s, 2H, -OH);
5.50 (s, 2H, Ar-Hbb’); 5.92 (s, 2H, Ar-Hcc’); [terminal protons: 6.48 (d, 2H, Ar-Haa’), 6.41
(d, 2H, Ar-Hbb’), 7.10 (d, 2H, Ar-Hec’) 6.81 (d, 2H, Ar-Hdd’)]; 2.51(s, 3H, -CH3),
respectively. The peak values for C2, 6 and C10, 12 observed in 115.83 and 116.06 ppm in
the monomer and 125.16 and 126.55 ppm in the polymer, respectively. The '"H-NMR and *C-
NMR spectra results of the P-4-HPEAP confirm to form of polymer units. Shifting to below
field of the peak values for C2, 6 and C10, 12 have been demonstrated formation of polymer
units. The ?C-NMR spectra of P-4-HPEAP have been demonstrated C-C coupling systems.
Monomer and dimmer interconversion combinations of radical units are proposed as literature
[28]. The hydroxyl groups are involved in the formation of free radicals leading to polymer
formation. According to 'H-NMR, integral value of hydroxyl group was found to be 1.000.
Thus, the phenyl rings in the polymer appear to be linked primarily both at ortho positions
according to —OH groups of P-4-HPEAP (Scheme 2).
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Figure 2. "C-NMR spectrum of 4-(1-(4-hydroxyphenyl)ethylidenamino)phenol
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Figure 3. 'NMR spectrum of poly-4-(1-(4-hydroxyphenyl)ethylidenamino)phenol

| !

| | | | | | | |
180 160 140 120 100 80 60 40 ppm 20

Figure 4. "C-NMR spectrum of poly-4-(1-(4-hydroxyphenyl)ethylidenamino)phenol
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3.3. Thermal analyses of 4-HPEAP and P-4-HPEAP

TG/DTA curves of monomer and polymer were given in Fig.5 and 6. The initial degradation
temperature, 50% and 96.45% weight loss of 4-HPEAP was found to be 115, 242°C and
900°C, respectively. According to DTG curve, thermal degradation of 4-HPEAP was formed
at the two steps. The weight loss of the first step was found as 58.44% between 120-295°C.
The weight loss of the second step was found as 38.0% between 295-900°C. According to
DTA analysis, exothermic peak observed in 101, 150 and 205°C. According to DTG analysis,
Tmax values of monomer were observed in 201 and 387°C. The initial degradation
temperature, 50% and 83.48% weight loss of P-4-HPEAP was found to be 151, 230°C and
900°C, respectively. Because of long conjugated band systems, polymer demonstrated higher
resist against high temperature than monomer. According to TG analysis, both initial
degradation temperature of P-4-HPEAP was higher than monomer and it was more stable
than monomer through to temperature and thermal decomposition. Because was formed
carbines residue at high amount such as 16.52% at 900°C. According to DTA analysis, the
glass transition temperature (Ty) of polymer was observed in 164°C. According to DTG

analysis, T, value of polymer was observed in 172°C.
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Figure 5. TG-DTG-DTA curves of 4-(1-(4-hydroxyphenyl)ethylidenamino)phenol
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Figure 6. TG-DTG-DTA curves of poly-4-(1-(4-hydroxyphenyl)ethylidenamino)phenol

3.4. Electrochemical Properties of 4-HPEAP and P-4-HPEAP
The voltammetric measurements of 4-HPEAP and P-4-HPEAP were carried out in

acetonitrile and DMSO, respectively. The HOMO, LUMO energy levels and electrochemical

energy gaps (E:g ) were calculated from oxidation and reduction onset values and are shown

in Figure 7. The HOMO, LUMO energy levels and electrochemical energy gaps (E;, ) of 4-

HPEAP and P-4-HPEAP were found to be -6.30, -6.15; -2.41, -2.57; 3.89 and 3.58 eV,
respectively. The electrochemical analyses results of 4-HPEAP and P-4-HPEAP showed to be

lower band gap values of polymer according to monomer. Band theory is used for explaining

conductivity mechanism. According to band theory, the increase in energy level (E:g )

between full molecule orbital and empty molecule orbital can be make difficult of passing
electrons from full molecule orbital to empty molecule orbital. In addition, electrochemical
band gap values of 4-HPEAP and P-4-HPEAP were found as 3.89 and 3.58 eV. This result
has demonstrated to be lower of the difference between HOMO and LUMO energy levels of
P-4-HPEAP according to 4-HPEAP.

The absorption spectra of 4-HPEAP and P-4-HPEAP were recorded by using methanol and
DMSO at 25°C (Fig. 8) and Amax (nm) and E, (eV) values of 4-HPEAP and P-4-HPEAP were
found to be 289, 296 nm and 3.56 and 3.47, respectively. Both electrochemical energy gaps
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(E,) and optical band gap values of 4-[(2-hydroxybenzylidene)amino]benzoic acid and poly-

4-[(2-hydroxybenzylidene)amino]benzoic acid had been determined by CV technique [28].
The optical band gaps value of 4-HPEAP is higher than P-4-HPEAP. This results combines

with electrochemical energy gaps (E;’, ) value which obtained from calculation from

electrochemical oxidation and reduction potentials. The band gap value of polymer was low at

the comparison with band gap of monomer.
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Figure 7. Cyclic voltammograms of 4-HPEAP (1) and P-4-HPEAP (2) (cyclic

voltammograms measured vs. Ag/AgCl)
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Figure 8. Absorption spectra of 4-HPEAP (1) and P-4-HPEAP (2)

Before conductivity value from doped with iodine of polymer was measured as 10™'-10"
1%S/cm. When doped with iodine, their conductivities could be increased by about four orders
of magnitude (up to 10 S/cm). Figure 9 show results of P-4-HPEAP doped with iodine at
various times at 25°C. In the doping of P-4-HPEAP with iodine, it was found that the
conductivity of P-4-HPEAP first increases greatly with doping time, but then tends to level-
off. The maximal conductivity of polymer was 1.55 x 107 S/cm. The increasing conductivity
could indicate that a charge-transfer complex between P-4-HPEAP and dopant iodine is
continuously formed. Consequently, Figure 9 not only shows the conductivity/doping time
relationship but also indicates how quickly the doping reaction takes place. The experiments
showed that a longer doping time is needed to obtain the maximal conductivity. As a result,
the conductivity/doping time curve varies with doping conditions. In order to exclude the
influence of doping conditions, the conductivity of doped P-4-HPEAP has been related with
doping extent. Diaz et al. had been suggested the conductivity mechanisms of Schiff base
polymers for doping with iodine [25, 29]. Nitrogen is a very electronegative element and it is
capable of coordinating an iodine molecule. Coordination of iodine during P-4-HPEAP

doping is as follows (Scheme 3): Sakai had been suggested to be on nitrogen atom of
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coordination of iodine with Schiff base polymers [30-32]. The conductivity value of P-4-

HPEAP before doping with iodine was lower.
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Scheme 3. Coordination of iodine during P-4-HPEAP doping
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Figure 9. Electrical conductivity of I,-doped P-4-HPEAP vs. doping time at 25°C
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4. Conclusion

The oxidative polycondensation reaction conditions of 4-[1-(4-
hydroxyphenyl)ethylidenamino]phenol (4-HPEAP) by using oxidants such as air O,, H,O,
and NaOCl were studied in an aqueous alkaline medium between 30 and 90°C. At the
optimum reaction conditions, the yield of poly-4-[1-(4-hydroxyphenyl)ethylidenaminoJphenol
(P-4-HPEAP) was found to be 95%, 51% and 96% for air O, H,O, and NaOCl oxidants,
respectively. According to the SEC analysis, the number-average molecular weight (M),
weight-average molecular weight (My,) and polydispersity index (PDI) values of P-4-HPEAP
were found to be 3.00'10°, 3300 g mol™' and 1.100, using H,O, and 1400, 1550 g mol™ and
1.107, using air O, and 5000, 5470 g mol" and 1.094, using NaOCl, respectively. According
to TG analyses, the weight losses of 4-HPEAP and P-4-HPEAP were found to be 96.86% and
83.48% at 900°C, respectively. Also, electrical conductivity of the P-4-HPEAP was
measured, showing that the polymer is typical semiconductors. The band gap value for the
monomer is higher than that for the polymer.
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Ek:6
Synthesis, characterization, thermal degradation and electrical conductivity
of  oligo-2-[(thien-2-yl-methylene)|]aminophenol and oligomer-metal

complexes
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Department of Chemistry, Faculty of Science and Arts, Canakkale Onsekiz Mart University,
TR-17020, Canakkale, Turkey

ABSTRACT

The optimum reaction conditions of the oxidative polycondensation of 2-[(thien-2-yl-
methylene)]aminophenol (2-TMAP) has been accomplished by using air O,, H,O, and
NaOCl oxidants in an aqueous alkaline medium between 20 and 90°C. The structures of the
monomer and oligomer were confirmed by FT-IR, UV-vis, 'H-NMR and “C-NMR and
elemental analysis. TGA-DTA, size exclusion chromatography (SEC) techniques and
solubility tests were applied for characterization. The "H-NMR and C-NMR data shows
that the polymerization proceeded with C-C and C-O-C coupling system from ortho and
para positions and oxyphenylene. The number-average molecular weight (M,), weight-
average molecular weight (M) and polydispersity index (PDI) values of O-2-TMAP were
determined with SEC measurements. Thermal analyses of oligomer-metal complex
compounds of O-2-TMAP with Cd*™, Co™, Cu™, Zn™, Fe™, Zr™, Ni'* and Pb™ ions were
investigated in N, atmosphere between 15-1000°C. The highest occupied molecular orbital
and the lowest unoccupied molecular orbital of monomer and oligomer were determined
from the onset potentials for n-doping and p-doping, respectively. Optical band gaps (E,) of
2-TMAP and O-2-TMAP and oligomer-metal complex compounds determined according to
UV-vis measurements. Also, electrical conductivities of O-2-TMAP and its metal complexes
measured with four-point probe technique.

Key words: Air O, NaOCI; oligo-2-[(thien-2-yl-methylene)]aminophenol; oxidative
polycondensation; thermal analysis; electrical conductivity; oligomer-metal complex
compounds.
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INTRODUCTION

Polyimines including conjugated bonding and active hydroxyl group have been studied for
more than 60 years and they have been used in various fields. They have useful properties
such as paramagnetism, semi conductivity, electrochemical cell and resisting to high energy.
Because of these properties, they are used to prepare composites having high resistance at
high temperature, thermostabilisatiors, graphite materials, epoxy oligomer and block
copolymers, photo resists, materials, which are antistatic and enduring to flame!'™. These
compounds were profited to new properties to their structures adding to other functional

[9, 10]

groups. Schiff based derivatives of oligophenols have antimicrobial properties . In

addition, oligophenols were used to prepare inhibitors with resistance at high temperature,

12 polymer metal complex compounds have useful properties such as

thermostabilizers
catalytic activity, thermal stability, ion selectivity, conductivity and anti-microbial properties.
Catalytic activity of a styrene-allylchloride copolymer supported cobalt (II) Schiff base
complex compound was studied by Gupta ez al."*). The thermal and conductivity properties
of Zn (II), Ni (II), Th (II), Cd (II), Mg (II) complex compounds of poly(8-acryloxyquinoline)

'Yl The thermal and anti-microbial properties of

were studied by Kaliyappan et al.l
oligophenols with Schiff base substitute and their oligomer metal complex compounds were
investigated by Kaya er al!'.  Anti-microbial activity of  oligo-N-2-
aminopyridinylsalicylaldimine and some oligomer-metal complexes was studied by Kaya et
al'®). The thermal stability of poly(acryloyl benzoic hydrazide) and its complexes with some
transition metals was examined by Gad er al!'”. The thermal decomposition behavior of
poly(acrylic acid) and its metal complexes were studied by Sebastian ez al.!'"®. Kaya et al.
studied thermal degradation of oligo-2-[(4-fluorophenyl) imino methylene] phenol and some

of its oligomer-metal complexes!'”.

The conducting properties of poly(2-hydroxy-4-
acryloxyacetophenone-phenylimine), poly(2-hydroxy-4-acryloyloxyacetophe none-N-
phenylimine-co-methacrylate) and their metal complexes were studied by Thamizharasi et
al®™. More functional oligophenols may be used to clean poisonous heavy metals in
industrial wastewater. In addition, Schiff base compounds had been used for the
determination of transition metals in some natural food samples'*'). Therefore, the synthesis of
this type oligomer and oligomer-metal complexes is very important in analytic, environmental
and food chemistry.

In this study, we have investigated the effects of different parameters such as temperature,

reaction time and initial concentration of NaOCI and alkaline for oligo-2-[(thien-2-yl-
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methylene)]aminophenol. The structures of 2-TMAP and O-2-TMAP were characterized by
using FT-IR, UV-vis, lH-NMR, BC-NMR, elemental analysis, TGA and DTA. Molecular
weight distribution of O-2-TMAP was determined by SEC technique. Electrochemical

properties of monomer and oligomer were determined by cyclic voltammetry and the HOMO,

LUMO energy levels and electrochemical energy gaps (E;, ) were calculated from oxidation

and reduction onset values. However, the optical band gaps (£;) of monomer, oligomer and
oligomer-metal complexes were calculated from their absorption edges. Electrical properties
of doped and undoped oligomer and oligomer-metal complex compounds were determined by
four-point probe technique at a room temperature and atmospheric pressure. An important
increase of the conductivity was attained when iodine was employed as doping agent.
MATERIALS AND METHODS

Materials

Thiophene-2-carboxyaldehyde, 2-aminophenol, methanol, ethanol, acetonitrile, toluene,
acetone, ethyl acetate, heptane, CCly, CHCI;, tetrahydrofurane (THF), dimethylformamide
(DMF), dimethylsulfoxide (DMSO), H,SO4 (98%), NaOH, KOH, H;0, (30% aqueous
solution) and hydrochloric acid (HCL, 37%), Cu (CH3;COO), H,0O, Pb (CH3COO), 3H,0, Co
(CH3COO), 4H,0, Zn (CH3COO), 2H,0, Cd (CH3COO0), 2H,0, Ni (CH3COO), 4H,0, FeCls
6H,0 and ZrCly were supplied from Merck Chemical Co. and they were used as received.
Sodium hypo chloride (NaOCl), (30% aqueous solution) was supplied from Paksoy Chemical
Co. (Turkey). 2-[(thien-2-yl-methylene)]aminophenol (2-TMAP) was synthesized to
condensation reaction of thiophene-2-carboxyaldehyde with 2-aminophenol and recrystallized
from methanol.

Synthesis of 2-[(thien-2-yl-methylene)]aminophenol (2-TMAP)
2-[(thien-2-yl-methylene)]aminophenol was prepared by the condensation of thiophene-2-
carboxyaldehyde (1.22 g, 0.01 mol) with 2-aminophenol (1.37 g, 0.01 mol) in methanol (25
ml) achieved by boiling the mixture under reflux for 3h at 70°C (Scheme 1). The precipitated
2-[(thien-2-yl-methylene)]aminophenol was filtered, recrystallized from methanol and dried
in vacuum desiccators.

'H-NMR (DMSO-dg): 6 ppm, 9.12 (s, 1H, —OH), 8.84 (s, 1H, -CH=N-), 6.97 (d, 1H, Ar-
Ha), 7.08 (t, 1H, Ar-Hb), 6.82 (t, 1H, Ar-Hc), 7.21 (d, 1H, Ar-Hd), 7.13 (d, 1H, -C=C-He),
7.67 (t, 1H, -C=C-Hf), 7.78 (d, 1H, -C=C-Hg). *C-NMR (DMSO-dy): ppm, 151.15 (Cl-ipso-
OH), 116.60 (C2-H), 128.55 (C3-H), 127.53 (C4-H), 120.05 (C5-H), 138.38 (C6-ipso),
153.74 (C7-H), 143.39 (C8-ipso), 133.47 (C9-H), 120.86 (C10-H), 131.38(C11-H).
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Scheme 1. Synthesis of 2-[(thien-2-yl-methylene)]aminophenol

Synthesis of O-2-TMAP with NaOCI, H,O, and air O, oxidants in aqueous alkaline
medium

O-2-TMAP was synthesized through oxidative polycondensation of 2-[(thien-2-yl-
methylene)]aminophenol with aqueous solutions of NaOCI (30%), H,O; (30%) and air O,,
respectively!'). The 4-TMAP (0.187 g 0.001 mol) was dissolved in an aqueous solution of
KOH (10%, 0.001 mol) and placed into a 50-ml three-necked round-bottom flask (Scheme 2).
It was fitted with a condenser, thermometer, stirrer and an addition funnel containing NaOClI
or H,O,. After heating to 20 °C, NaOCI and H,0, were added drop by drop over about 20
min. The reaction mixtures were stirred at the various temperatures and durations (Table 1
and 2). Air O, was passed into an aqueous solution of KOH (20%) before being sent through
the reaction tube to prevent water loss in the reaction mixture and to neutralize CO, in the air
(Scheme 2). The reaction mixtures were cooled to room temperature, and then 0.001 mol HCI
(37%) was added. For the separation of mineral salts and unreacted monomers, the mixture

was filtered and washed with hot water (3 x 25 ml) and then dried in a vacuum oven at 60°C.

'H-NMR (DMSO-ds): & ppm, 10.17 (s, 1H, —OH), 9.55 (s, 1H, -CH=N-), 6.70 (terminal
proton, d, 1H, Ar-Ha), 6.91 (d, 1H, Ar-Hb), 6.40 (terminal proton, d, 1H, Ar-Hc), 7.46 (d, 1H,
Ar-Hd), 7.30 (d, 1H, -C=C-He), 7.75 (t, 1H, -C=C-Hf), 8.79 (d, 1H, -C=C-Hg). "C-NMR
(DMSO-dp): ppm, 160.24 (C1-ipso-OH), 126.19 (C2-ipso), 130.95 (C3-H), 129.95 (C4-ipso),
120.00 (C5-H), 144.76 (Cé6-ipso), 174.76 (C7-H), 149.52 (C8-ipso), 136.43 (C9-H), 121.17
(C10-H), 135.24 (C11-H), 134.29 new peak.
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Scheme 2. Synthesis of oligo-2-[(thien-2-yl-methylene)]aminophenol
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Syntheses of oligo-2-[(thien-2-yl-methylene)]Jaminophenol-metal complexes

Solutions of Cu (AcO); H,O, Zn (AcO),.2H,0, Cd (AcO), 2H,0, Pb(AcO), 3H,0 and
Co (AcO), 4H,O (1 mmol) in MeOH (10 ml) were added to a solution of O-2-TMAP
(2 mmol/unit) in THF (20 ml). The mixture was stirred and heated at 70°C for 5h
(Scheme 4). The precipitated complexes were filtered, washed with cold MeOH/THF (1:1)

and then dried in a vacuum oven at 60°C.
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Scheme 3. Syntheses of oligo-2-[(thien-2-yl-methylene)]Jaminophenol-metal compounds

Electrochemical Properties

Cyclic voltammetry (CV) measurements were carried out with a CH instruments 660C
Electrochemical Analyzer at a potential scan rate of 20 mV/s. All the experiments were
performed in dry box under Ar atmosphere at room temperature. The electrochemical
potential of Ag was calibrated with respect to the ferrocene/ferrocenium (Fc/Fc") couple. The
half-wave potential (E'?) of (Fc/Fc¢”) measured in 0.1 M tetrabutylammonium
hexafluorophosphate (TBAPFs) acetonitrile solution is 0.39 V vs. Ag wire or 0.38 V vs.
supported calomel electrode (SCE). The voltammetric measurements were carried out for
monomer and oligomer in acetonitrile and DMSO, respectively”. The HOMO, LUMO
energy levels and electrochemical energy gaps (E,’) were calculated from oxidation and
reduction onset values.

Electrical Properties

Conductivity was measured on a Keithley 2400 Electrometer. The pellets were pressed on
hydraulic press developing up to 1687.2 kg/cm?. Iodine doping was carried out by exposure of
the pellets to iodine vapor at atmospheric pressure and room temperature in desiccator!”’.
Optical Properties

The optical band gaps (£,) of monomer and oligomer compounds were calculated from their

absorption edges. Ultraviolet-visible (UV-vis) spectra were measured by Perkin Elmer
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Lambda 25. The absorption spectra of monomer and oligomer were recorded by using
methanol and DMSO, respectively, at 25°C.

Solubility and Characterization Techniques

While 2-TMAP was bright yellow color in crystal form and was completely soluble in organic
solvents such as methanol, acetone, acetonitrile, dioxane, THF, ethyl acetate, chloroform,
CH,Cl,, DMF, and DMSO but it was partly soluble in toluene and ethanol. 2-TMAP was
insoluble in heptane and hexane. O-2-TMAP was dark brown in powder form and was
completely soluble in organic solvents such as THF, DMF and DMSO. O-2-TMAP was
partly soluble in dioxane. O-2-TMAP was insoluble in chloroform, acetone, toluene,
acetonitrile, ethyl acetate, heptane and hexane. Oligomer-metal complex compounds were
insoluble in benzene, toluene, heptane, hexane, CHCls, ethyl acetate, dioxane, CH,Cl,, THF,
DMF, CCly and acetone. These oligomer-metal complex compounds were partly soluble in
DMSO.

The infrared spectra were measured by a Perkin Elmer FT-IR Spectrum One. The FT-IR
spectra were recorded using universal ATR sampling accessory (4000-550 cm™). Elemental
analysis was carried out with a LECO CHNS 932. UV-vis spectra of 2-TMAP, O-2-TMAP and
oligomer-metal complex compounds were recorded by using methanol and DMSO,
respectively. 2-TMAP and O-2-TMAP were characterized by using 'H-NMR and *C-NMR
spectra (Bruker Avance DPX-400 and 100.6 MHz, respectively) recorded at 25°C by using
deuterated DMSO as a solvent. Tetramethylsilane was used as internal standard. Thermal data
were obtained by wusing Perkin Elmer Diamond Thermal Analysis. The TG-DTA
measurements were made between 20-1000°C (in N,, rate 10°C/min). The number-average
molecular weight (M,), weight-average molecular weight (M) and polydispersity index
(PDI) were determined by size exclusion chromatography (SEC) techniques of the Shimadzu
Co. For SEC investigations we used an SGX (100 A and 7 nm diameter loading material) 3.3
mm i.d. x 300 mm column; eluent: DMF/methanol (v/v, 4/1, 0.4 ml/min), polystyrene
standards. A refractive index detector (at 25°C) was used to analyze the product. Metal
analyses of oligomer-metal complex compounds were carried out by AAS Shimadzu 6200 in
a solution prepared by decomposition of the complex compounds with HNOs followed by

dilution with deionized water.
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RESULTS AND DISCUSSION

The investigation of synthesis conditions of O-2-TMAP
Oligo-2-[(thien-2-yl-methylene)]aminophenol synthesized in an aqueous alkaline medium by
air O,, H>O, and NaOCl1 oxidants. When 2-TMAP interacted with oxidants such as air O,,
H,0, and NaOCl, it immediately precipitated brown phenoxy radicals with adding to the
alkaline. Therefore, O-2-TMAP synthesized in an aqueous alkaline medium at using without
any oxidant. The oxidative polycondensation reaction conditions of 2-TMAP are given in
Table 1, for 30% NaOClI solution. The yield of O-2-TMAP was 53% at optimum conditions
such as [2-TMAP], = [KOH],= 0.0714 and [NaOCl],=0.261 mol/L, at 30°C for 1 h. The yield
of O-2-TMAP was 25% in the reaction conditions such as [2-TMAP], = [KOH],=0.0714 and
[NaOCl],= 0.261 mol/L at 90°C for 1 h. Under the same conditions, when the molar amount
of oxidant increased, the total yield of O-2-TMAP was found to be 41% (see Table 1). While
the yield of O-2-TMAP was 53% at 30°C for 1h, it was 25% at 90°C for 1h. The reason of this
may be depolymerization to monomer of the oligomer at high temperatures. As may be seen
from Tables 1 and 2, the yield of the oligomer was dependent upon some factors such as
temperature, initial concentrations of oxidant and reaction times.

The oxidative polycondensation reaction conditions of 2-TMAP with 30% H,0, solution in
aqueous alkaline medium are given in Table 2. The yield of O-2-TMAP was 28% at optimum
conditions such as [2-TMAP], = 0.0714, [KOH], =0.1428 and [H,0,]o= 0.07 mol/L, at 90°C
for 3h. Under the same conditions, when molar amount of alkaline increased, total yield of O-
2-TMAP changed from 21% to 28%. The yield of O-2-TMAP was 15% at the reaction
conditions such as [2-TMAP], = [KOH]y= 0.0714 and [H,0,]p=0.07 mol/L at 30°C for 3h.
The yield of O-2-TMAP was 25% using the air O, medium for 3h at 30°C. The various
oxidative polycondensation reaction conditions of 2-TMAP with air O, are given in Table 2.
The yield of O-2-TMAP was 34% at optimum conditions such as [2-TMAP], =
[KOH],=0.0714 mol/L at 50°C for 3h. The yield of O-2-TMAP was 15% in reaction
conditions such as [2-TMAP], = [KOH],=0.0714 mol/L at 50°C for 5h. H,O, oxidant has
demonstrated less activity than NaOCI and air O, at the formation of oligomer of 2-TMAP.

Under the same conditions, when reaction times increasing decreased the yield of products.
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Table 1. The oxidative polycondensation reaction parameters of 2-[(thien-2-yl-

methylene)]aminophenol® with NaOCl in aqueous KOH

Sample Temp., Times [KOH]y [NaOCl]o Yield of
Number o0y (W) 0111 (mol L) 0-2-TMAP, %

1 20 1 0.0714 0.261 48
2 30 1 0.0714 0.261 53
3 30 1 0.1428 0.261 19
4 30 1 0.0714 0.522 41
5 30 3 0.0714 0.261 34
6 30 5 0.0714 0.261 48
7 30 10 0.0714 0.261 33
8 30 15 0.0714 0.261 31
9 30 20 0.0714 0.261 30
10 40 1 0.0714 0.261 50
11 40 3 0.0714 0.261 41
12 40 5 0.0714 0.261 35
13 40 10 0.0714 0.261 13
14 40 15 0.0714 0.261 41
15 40 20 0.0714 0.261 40
16 50 1 0.0714 0.261 48
17 60 1 0.0714 0.261 43
18 70 1 0.0714 0.261 29
19 80 1 0.0714 0.261 23
20 90 1 0.0714 0.261 25

a= Concentration of [2-TMAP], was used as 0.0714 mol L™
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Table 2. The oxidative polycondensation reaction parameters of 2-[(thien-2-yl-
methylene)]aminophenol® with H,O, (sample number: 1-7) and air O, oxidants (sample

number: 8—18) in aqueous KOH

Sample Temp., Times [KOH], [H,O2]o  Yield of
Number oy () (o111 (mol L) 0-2-TMAP, %

or air O,
(Lh™

1 90 3 0.0714 0.07 21
2 90 3 0.1428 0.07 28
3 90 3 0.0714 0.14 14
4 80 3 0.0714 0.07 20
5 70 3 0.0714 0.07 18
6 60 3 0.0714 0.07 23
7 30 3 0.0714 0.07 15
8 80 3 0.0714 8.5 8

9 70 3 0.0714 8.5 12
10 60 3 0.0714 8.5 20
11 50 3 0.0714 8.5 34
12 50 5 0.0714 8.5 15
13 50 10 0.0714 8.5 14
14 50 15 0.0714 8.5 11
15 50 20 0.0714 8.5 9

16 50 3 0.1428 8.5 15
17 40 3 0.0714 8.5 32
18 30 3 0.0714 8.5 25

a= Concentration of [2-TMAP], was used as 0.0714 mol L
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Structure of O-2-TMAP

SEC analyses of O-2-TMAP were performed at 30°C using DMF/Methanol (v/v, 4/1) as
eluent at a flow rate of 0.4 ml/min. According to SEC chromatograms, the values of number-
average molecular weight (M,) and weight-average molecular weight (M,,) of O-2-TMAP
were calculated according to a Polystyrene standard calibration curve and are given in Table
3. The M,,, M,, and PDI values of O-2-TMAP were found to be 3100, 5700 g mol™ and 1.839,
using NaOCl; 2800, 3100 g mol™ and 1.107, using air O, and 3300, 5200 g mol” and 1.576,
using H,0,, respectively. When reaction temperatures and reaction times increased, molecular
weight distribution (MWD) of O-2-TMAP increased, but the conversion of O-2-TMAP
decreased. The increasing of polymerization time, temperatures and oxidant concentrations

increased the molecular weight and MWD of O-2-TMAP.

Table 3. The number average molecular weight (M,), mass average molecular weight (My,),

polydispersity index (PDI) and % values of O-2-TMAP

Molecular weight distribution parameters

Total Fraction I Fraction II Fraction III

Compounds M, M, PDI M, M, PDI % M, M, PDI % M, M, PDI %

O-2-TMAP' 2800 3100 1.107 1970 2340 1.187 70 2300 2640 1.148 10 33900 37100 1.094 20
O-2-TMAP? 3100 5700 1.839 2000 2400 1.200 22 2900 3400 1.172 23 16300 31400 1.926 50
O-2-TMAP?® 3300 5200 1.576 1900 2450 1.290 15 2500 3000 1.200 36 18100 28800 1.591 49

1= Air O,; 2= NaOCl; 3= H,0O,

The UV-vis spectroscopic studies were carried out with methanol and DMSO solutions of the
2-TMAP and O-2-TMAP, respectively. In the 2-TMAP spectra, K bands of phenol and C¢Hs-
N= were observed, 230 nm and 269 nm, respectively. A benzene band of 2-TMAP and
strength R band of -CH=N- groups were observed, 294 and 352 nm, respectively. UV-vis
spectra of O-2-TMAP, K and R bands were observed, 242 nm and 313 nm, respectively. The
band of -CH=N- group observed 405 nm. The UV-vis spectra shows specific bands for Amax
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assigned to aromatic and azomethinic m—mn* transitions at about 280 and 350 nm,

respectively. The shifting of the -CH=N- group band from 352 nm to 405 nm has been

demonstrated for the formation of the oligomeric conjugate 7 system.

Elemental analyses and FT-IR data of monomer, oligomer and oligomer-metal complex

compounds are given in Table 4 and 5, respectively. The FT-IR spectra of 2-TMAP and O-2-
TMAP, bands of OH and -CH=N groups were observed 3298 and 1610; 3312 and 1618 cm'l,

respectively. For monomer and oligomer, the shifting of -CH=N- and —OH groups bands from

3298 and 1610 to 3312 and 1618 cm™, respectively, have been demonstrated for the formation

of oligomeric structure. -CH=N- bonding stretching of oligomer-metal complex compounds

observed in 1602-1590 cm™.

Table 4. Elemental analyses data and yields of 2-TMAP, O-2-TMAP and oligomer-metal

complexes
Calculated (%, Found)

Compounds C S H N Metal Yield, %
2-TMAP 65.02 (64.86) 15.76 (15.55) 4.43 (4.35) 6.89 (6.73) - 85
0-2-TMAP 65.67 (65.51) 15.92 (15.70) 3.48 (3.55) 6.96 (6.80) - 53
0-2-TMAP-Cu  56.95(56.71) 13.80 (13.68) 2.58 (2.41) 6.04(5.86) 13.70 (13.47) 65
0-2-TMAP-Zn 56.72(56.59) 13.75(13.63) 2.57(2.38) 6.02(5.89) 14.05(13.76) 61
O-2-TMAP-Cd  51.52(51.37) 12.48(12.32) 2.34(2.21) 5.46(5.33) 21.94(21.63) 57
0-2-TMAP-Pb  43.47(43.29) 10.54 (10.38) 1.98 (1.78) 4.61 (4.46) 34.12(33.86) 77
O-2-TMAP-Co  57.52(57.39) 13.94(13.75) 2.61 (2.44) 6.10(5.84) 12.84(12.65) 66
O-2-TMAP-Fe  57.90 (57.73) 14.03(13.82) 2.63 (2.50) 6.14(6.00) 1225 (12.11) 75
0-2-TMAP-Zr  53.74(53.59) 13.02 (12.86) 2.44(2.35) 5.70(5.58) 18.57(18.37) 76
0-2-TMAP-Ni  57.55(57.39) 13.95(13.81) 2.61(2.47) 6.10(5.95) 12.79(12.59) 55
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Table S. FT-IR spectral data of 2-TMAP, O-2-TMAP and oligomer-metal complexes

Wave number (cm'l)

Compounds -OH -CH=N -C-S -C=C -C-O Metal-O Metal-N
2-TMAP 3298 1610 744 1590, 1578,1482 1217 ---- -—--
0-2-TMAP 3312 1618 745 1594,1574,1482 1224  -—-- -—--
0-2-TMAP-Cu 3332 1600 745 1565, 1530, 1477 1250 560 641
0-2-TMAP-Zn 3326 1602 751 1552, 1496, 1417 1256 572 630
0-2-TMAP-Cd 3352 1602 750 1548, 1487, 1416 1246 570 621
0-2-TMAP-Pb 3336 1600 751 1574,1532, 1484 1246 550 660
0-2-TMAP-Co 3340 1600 752 1592, 1497, 1455 1253 580 665
0-2-TMAP-Fe 3314 1595 751 1545, 1484, 1462 1243 580 640
0O-2-TMAP-Zr 3310 1598 753 1551, 1493, 1464 1250 576 640
0-2-TMAP-Ni 3320 1590 749 1570, 1545,1490 1253 572 635

In order to identify the structures of monomer and oligomer, the 'H-NMR spectra were
recorded in DMSO-dg. 'H-NMR and ?C-NMR spectra of the monomer are given in Figs. 1-3,
respectively. In the 'H-NMR spectra of 2-TMAP and O-2-TMAP, the signals of phenyl —OH
and —CH=N groups were observed in 9.12 and 8.84 ppm and 10.17 and 9.55 ppm,
respectively. The "H->C-NMR spectra results of the O-2-TMAP confirm the formation of
oligomer units. The substitute phenols and azomethine group contains derivatives were

222 The peak values for Cl-ipso,

polymerized, and the results are reported in the literature!
C7, C2 and C4 observed in 6=151.15, 153.74, 116.60 and 6=127.53 ppm in the monomer and
6=160.24, 174.76, 126.19 and 6=129.95 ppm in the oligomer, respectively. It is seen that
Figure 2a, the new a peak observed in 134.29 ppm. The oxyphenylene are involved in the
formation of free radicals leading to oligomer formation and they appeared to be involved in
bond formation. Thus, the phenyl rings in the oligomer appears to be linked primarily at ortho
and para positions and oxyphenylene. The '"H-NMR and *C-NMR results showed that the
polymerization of 2-TMAP proceeded by C-C and C-O-C coupling from ortho and para

positions according to —OH group and oxyphenylene, respectively. According to spectral

analyses, a segment of O-2-TMAP chain may be formulated as Scheme 2.
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Fig. 1. "H-NMR spectrum of 2-[(thien-2-yl-methylene)]Jaminophenol
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Fig. 3. "H-NMR spectrum of oligo-2-[(thien-2-yl-methylene)]Jaminophenol
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Thermal analyses of 2-TMAP and O-2-TMAP

TGA, DTG and DTA curves of monomer, oligomer and oligomer-metal complex compounds
were given in Figs. 4, 5 and 6 and Table 6. The initial degradation temperature and 50%
weight loss of 2-TMAP was found to be 212, 244°C, respectively. According to DTG curve,
thermal degradation of 2-TMAP completed in 440°C. According to DTA analysis,
endothermic peak observed in 83 and 263°C. The initial degradation temperature, 50% and
69.24% weight loss of O-2-TMAP was found to be 176, 400°C and 1000°C, respectively.
According to DTG curve, thermal degradation of O-2-TMAP occurred in one step and it
weight loss was found as 69.24% between 175-1000°C. Because of long conjugated band
systems, oligomer demonstrated higher resist against high temperature than monomer.
According to TG analysis, although initial degradation temperature of O-2-TMAP was lower
than monomer, it was more stable than monomer through to temperature and thermal
decomposition. Because was formed carbines residue at high amount such as 30.76% at
1000°C. Because of C-O-C coupling formation, initial degradation temperature of oligomer
was lower than monomer from TGA measurements. C-O-C bond has degradated at lower
temperature than C-C bond. O-2-TMAP-Zr compound demonstrated higher thermal stability
according to other oligomer-metal complex compounds. The initial degradation temperature
and 41.82% weight loss of O-2-TMAP-Zr compound was found to be 242 and 1000°C,
respectively. According to TG curves, to be high of thermal stability of oligomer-metal
complex compounds may be indicate the formation of metal-oxygen valance and metal-
nitrogen coordination bond between oligomer-metal ions. The presence of water can be seen
in TGA curves of oligomer-metal complex compounds (Fig. 4), showing between 10.78 and
1.50% wt losses in the 50-150°C and 50-190°C range, respectively, and corresponding to the
loss of water of crystallization (50-150°C) and coordination water (150-200°C)2* ],
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Table 6. Thermal decomposition values of 2-TMAP, O-2-TMAP and oligomer-metal
complex compounds

TGA DTA

Compounds Ton  "Trnax 20% wght 50% wght % Carbine exo endo
Loss Loss  Resi. at 1000°C

2-TMAP 212 256 225 244 0.0 - 82,263
0-2-TMAP 176 867 205 400 30.76 - -
O-2-TMAP-Cu 251 312,484 395 908 52.90 - -
O-2-TMAP-Zn 238 310, 482, 658 482 802 46.03 - -
O-2-TMAP-Cd 255 347,514, 606,749,938 363 707 28.72 - -
O-2-TMAP-Pb 204 281,593,884 429 - 56.44 - -
0-2-TMAP-Co 230 290, 503 442 771 41.69 368 -
0O-2-TMAP-Fe 296 337,440, 546 401 722 33.36 - -
O-2-TMAP-Zr 242 320,429,895 493 - 58.18 404 -
0-2-TMAP-Ni 254 302,418 436 791 48.84 - -

“The onset temperature. "Maximum Weight Loss Temperature.
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Electrochemical properties of 2-TMAP and O-2-TMAP
The voltammetric measurements of 2-TMAP and O-2-TMAP were carried out in acetonitrile

and DMSO, respectively. The HOMO, LUMO energy levels and electrochemical band gaps

(Eé;, ) were calculated from oxidation and reduction onset values and voltammograms are

shown in Fig. 7. The HOMO, LUMO energy levels and electrochemical energy gaps (Eig ) of

2-TMAP and O-2-TMAP were found to be -6.34, -6.17; -2.83, -2.78; 3.51 and 3.39 eV,
respectively. According to UV-vis measurements, the absorption spectra of 2-TMAP, O-2-
TMAP, O-2-TMAP-Co, O-2-TMAP-Ni and O-2-TMAP-Cu were recorded by using methanol
and DMSO at 25°C and are given Table 7.

+1.5x10 -

+1.0x10™ 4

+0.5x10™ -

-1.5x10* -

24 .18 12 -06 0 406 +1.2 +1.8  +24
E (V/Ag/AgCl)

Fig. 7. Cyclic voltammograms of 2-TMAP (1) and O-2-TMAP (2)
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Table 7. Ap.x (nm) and band gap values of 2-TMAP, O-2-TMAP and oligomer-metal

complexes
Compounds Amax (nm) E, (eV)
2-TMAP 353 3.01
0-2-TMAP 371 2.65
0-2-TMAP-Cu 473 2.63
0-2-TMAP-Zn 473 2.63
0-2-TMAP-Cd 476 2.61
0-2-TMAP-Pb 509 2.44
0-2-TMAP-Co 490 2.53
0-2-TMAP-Fe 464 2.67
0-2-TMAP-Ni 483 2.57
0-2-TMAP-Zr 480 2.56

Conductivity of O-2-TMAP and oligomer-metal complex compounds

0-2-TMAP and oligomer-metal complex compounds have conductivities of 10"2-10""" and 10"
10" S/cm, respectively. Fig. 8 shows the doping results for O-2-TMAP, O-2-TMAP-Co, O-
2-TMAP-Ni, O-2-TMAP-Cu, O-2-TMAP-Cd, O-2-TMAP-Pb, O-2-TMAP-Zn, O-2-TMAP-
Fe and O-2-TMAP-Zr complex compounds with iodine for the various times at 25°C.
Although the structure of O-2-TMAP, O-2-TMAP-Co, O-2-TMAP-Ni, O-2-TMAP-Cu, O-2-
TMAP-Cd, O-2-TMAP-Pb, O-2-TMAP-Zn, O-2-TMAP-Fe and O-2-TMAP-Zr differ, little
significant difference in conductivity was observed. This effect may possibly be due to all of
them actually belonging to the same class of oligomer and oligomer-metal complex
compounds. In the doping of O-2-TMAP with iodine, it was found that the conductivity of O-
2-TMAP first increases greatly with doping time, but then tends to level-off. The maximal (or
saturated) conductivity values of O-2-TMAP, O-2-TMAP-Co, O-2-TMAP-Ni, O-2-TMAP-
Cu, O-2-TMAP-Cd, O-2-TMAP-Pb, O-2-TMAP-Zn, O-2-TMAP-Fe and O-2-TMAP-Zr were
found to be 4.46 x 10, 1.41 x 107", 6.48 x 10"%,8.34 x 10", 6.25x 10", 1.12x 107", 6.24
x 10", 2.55 x 10"% and 1.20 x 107" S/cm. According to the values, the highest conductivity
was observed in O-2-TMAP-Ni compound. The increasing conductivity could indicate that a
charge-transfer complex between O-2-TMAP and its oligomer-metal complex compounds
with dopant iodine is continuously formed. Consequently, Fig. 8 not only shows the

conductivity/doping time relationship but also indicate how quickly the doping reaction takes
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place. The experimental results showed that a longer doping time is needed to obtain the
maximal conductivity. As a result, the conductivity/doping time curve varies with doping
conditions. In order to exclude the influence of doping conditions, the conductivity of doped
0-2-TMAP, 0-2-TMAP-Co, O-2-TMAP-Ni, O-2-TMAP-Cu, O-2-TMAP-Cd, O-2-TMAP-
Pb, O-2-TMAP-Zn, O-2-TMAP-Fe and O-2-TMAP-Zr have been related with doping extent.
The conductivity values of oligo-2-[(4-morpholin-4-yl-phenyl)imino]methylphenol and
oligomer-metal complex compounds had been determined with same technique and results
were similar with literature®. Coordination of iodine during O-2-TMAP doping is as follow

at Scheme 4. On the nitrogen atom coordination of iodine ions with Schiff base polymers and

pyridine solutions had been suggested at the literatures®’>" as follows.
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Scheme 4. Coordination of iodine ions during O-2-TMAP doping
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Fig. 8. Electrical conductivity of I,-doped (a) O-2-TMAP and (b) oligomer-metal complex

compounds vs. doping time at 25°C

CONCLUSIONS

Oligo-2-[(thien-2-yl-methylene)]aminophenol was synthesized with oxidative
polycondensation by using such as H;O,, air O, and NaOCl oxidants in an aqueous alkaline
medium. In the oxidative polycondensation reaction of 2-TMAP, H,O, demonstrated less
activity than the NaOCI and air O, oxidants. The spectral analyses such as 'H-NMR and "C-
NMR data of oligomer have showed that the polymerization proceeded with C-C and C-O-C
coupling system of ortho and para positions and oxyphenylene according to —OH group of
monomer at the each other of formation oligomers from oxidative polycondensation of 2-
TMAP. The results of TG-DTA analyses were shown to have enough resistance against
thermal decomposition of oligo-2-[(thien-2-yl-methylene)]aminophenol. According to TG
analyses, weight losses of oligomer-metal complex compounds changed at 1000°C as follows:
Zr'™> Pb"™> Cu™ Ni">> Zn™> Co™> Fe™ Cd™. As a result, O-2-TMAP-Zr'* has
demonstrated higher thermal stability against thermal degradation than monomer, oligomer
and oligomer-metal complex compounds.
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