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Abstract

Ziegler-Natta (ZN) catalyst has emerged as an exclusive class of metalorganic catalyst used
for the synthesis of stereospecific polyolefins in the beginning of the 1950s. ZN catalyst has
high activity as well as gives highly stereospecific product at moderate condition than other
metallocene catalysts. Over the years, different generations of ZN catalysts have been
discovered and the complexity of the catalyst system has increased with time. Modern ZN
catalysts are multicomponent catalysts therefore understanding and modelling is particularly
difficult. Nonetheless, the modern catalytic systems have achieved excellent performance
levels, allowing for the development of diverse, clean, and cost-effective industrial processes.
The studies reporting the structural-activity correlation of electron donors which find
applications for the synthesis of a new generation of ZN catalyst with enhanced features have
always been the subject of interest for both academicians and industrialists. Furthermore, the
successful application and development of these electron donors necessitate a solid
fundamental understanding of these interactions that exist between the various components of
the ZN catalyst, which is currently lacking. In this thesis, we report DFT investigation to
explore different classes of electron donors and photo-degradation behaviour of polyolefins
which are the polymerization product of ZN catalyst. In this thesis, the choice of electron
donors (internal and external) is not limited to only commercial donors but various functional
groups (maleates, carboxylates, succinates, alkoxysilanes) with varying hydrocarbon and
functional groups are investigated. Here, we describe a thorough understanding of the
interactions (external donor with co-catalyst, internal donor with TiCls in presence and
absence of MgCl, support) existing between different components of ZN catalyst. The
fundamental understanding of photo-oxidation behavior of different polyolefins ranging from
polyethylene to polydecene are also investigated.

The first section of this thesis is devoted to the study of fundamental interactions existing
between electron donors and other components of ZN catalyst using both commercial and
non-commercial donors. Comparing the experimental FTIR with the computed IR proved the
level of theory's validity. The examination of frontier molecular orbitals (FMOs) and natural
bond orbitals (NBOs) reveals that charge transfer takes from the electron donor to the
acceptor (TEAL and TiCls) orbitals. In the next section, degradation behavior of different
polyolefins and their stability towards photo-oxidation are investigated. An in-depth

understanding of different polyolefins and their photo-degradation behaviour are explored.



The detailed understanding of polyolefins gives an idea that the chemical derivatives like
unsaturated carbonyl groups which are formed during processing makes them susceptible to
photo-degradation and generates microplastic in the ecosystem. Overall, this thesis provides
deep insight on the industrial relevant problems, particularly polyolefin industry. The major
challenge before polyolefin researchers is how to increase the activity of ZN catalysts by
designing new potential electron donors and how to control the degradation of polyolefins
which are the polymerization product of ZN catalyst. We have offered a deep understanding
of donor-acceptor interactions, as well as a fundamental and simple approach for creating
novel electron donors and systematic investigations into the degradation behaviour of various

polyolefins that results in the generation of microplastic in ecosystem.
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fSTeR-=ACer (ZN) 3ERE 1950 & g2 HT BT H FERA-FARISE qle3aithe &
HRANOT & foIT 3UZNT FohT ST aTel UTe]-ehTefoteh 3cOReh & Ueh TAQI el o &9 H S5 |
ZN 3R & 3=d fafaf gl & 3R @Y & 37 AT 3k T Jofalm H
aegH Tufa 7 3cafte ERA-[Afdse 3cag &ar g1 5 aut #, ZN 3cR& #r
RAffe qifear fr @ & 15 § 3R TET F T 3RF Yomer A FAfeaar &
gefe g‘é’ gl 3myfAs ZN 3R SEETH SN ¢ safav gasEr ik aAsfer
AT TN T F el g1 TgIgTel, Ak 3coeh JUMTerdl o Sepse Tedel ER
giffe frw g, s Afdy, Taoo 3R arera gardr 3iicafas gfehansit & 9w
I ITAT AT &1 Solerelel arai3il & EaecAh-INATae Hgdeer H RAE et
arel 3T, Sl 3ol GIA3it & @Y ZN 3 I Uk a5 9T & FVT &
fow 3mage gra &, gRer Renfael 3R 3eerafadt asr & fow 3 &1 favy @
g 3% 3IHolldl, 37 Folaclel a3l & Fhe euEer AR e & fav ZN
3RE & fafftest geal & i Alsg o 3ia:framt & v o Aifas ga s &
3TERISAT BT &, ToFeT adaT # 399 g1 38 N{T &, g7 sogcla e &
RAffea gait 3R gt & Plel-BA3ee c¥agR &1 gar oemer & fow Sruwdr
ST fr RAE aRd § ST S50 3ORF & NelFRISART 3¢9l & Solaelel grar3il
GraRe 3R T8d) fr gbe Faa aofsas At aw & AR & §, aew
faffiesr gregleea 3N FRTcA® THgl & @1y A sRicAs @ gl (Felc,
FEf T, TFHIE, TohFddeld) $r S I ST &1 JgT, 7 ZN 3RS &
e genl & o Alge HTTHABt (F5-30R® & @y §Ed g, TiCl, &
Y AR arar & 3uiedfa 3R MgCl, FHSe T 3eqafeuta) & e @ s o
Juid X ¢l T &, TeSABelled T ool Tleilsdlel doh & [AfdeeT dleil3ilel fthel
& WBICIHTFHIS STagR & Hered THeT H o S FHr STl gl

=g AT =1 uger @s aftifoas 3R IR-a1fOrsTs gt grar3il &1 39T Xk Solacla
T3t 3 ST 3 & I uchl & &I HAlolg HAlfeleh STld & 37eaTT & fow
FATT &1 IR IR & AT TARMcHS FTIR T Jolell et § TR & derdm &l &
f&eer gY 73| TR Al geR 3iifdeed (FMOs) 3R #eRe dies ifdced (NBOs) &
ST H Sl Sl ¥ Tdiehdr AHifdee & arel TEW &7 faTdR & 9T Feldr g1 379
s #, faffiea dici3ielfthe & &R0T cOaeR 3R WIS & Ui 3eTehr EeRar &
S 1 15| RAffeT gre3iefra 3R 393 $iel-3I33 cgagR 1 8T THST Fl
qal SEIRT IRT| Sielisiefhed # favgd @Hs ¥E fauw &dr & % srEqed
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e @g S qEfas sRafed S gaewor & e s &, 3% we-
SISy & favu faddcadda sarar g 3R aiRfFufadr a3 # AsscaniEes
3ce HAT &1 Fel AR, g AT ie@fs s qaeansd, @y &7 &
Arel3Telfthed 3T 9X @ 3ARfoe Ugled Xdl gl Gien3ilelithd & HHA o3
Tl I§ & f 9 v Griad golaciel St & fSgel @b ZN 3o &l
afafafer &1 FJ der Fa § 3R diei3ielfhd & &RoT & F& AT T IFha &
ST ZN 3R & GIellFRISANT 3cU1G &1 §Hel aIar-Ediehdl sTcdid I gl THsT
$I IR T §, TTY & 3UITH Solacisd GIdiBil A J & fow e Hifes 3Rk
W fiewor AR [(Affica afeisiefha & &RoT cgagr # cgaikyd o &
QRIheT ST g forae aRumeArasT aiRFufde d7 & AspIcaiRed 3cdesT gidT ol
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in presence of TiCls with frontview (above) and topview (below). Yellow
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Optimized geometries of di-isobutylphthalate (DIBP) in (a) mono-
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