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ABSTRACT

Extensive research has been conducted on bipyridine-based ligands for their ability to
effectively bind to metals, thanks to their strong resistance to oxidation and ability to be
modified easily. The compound 2,2’-bipyridine is a neutral, bidentate-donor ligand that
can form coordination complexes with metal ions by contributing two pairs of electrons.
It is a colourless solid, soluble in organic solvents but insoluble in aqueous media. This
property has led to its widespread use in inorganic chemistry, particularly as a catalyst,
where many transition metal complexes have extensively been designed for several
chemical reactions, such as oxidation, reduction, and cross-coupling reactions. Its unique
electronic and steric properties also make it a useful building block for synthesizing novel
materials, such as chelating polymers, metal-organic frameworks, hydrogels and
organogels. It has a wide range of applications in various fields, including chemistry,
biology, and materials science. For environmental remediation, 2,2’-bipyridine-derived
polymers open new possibilities for separation science applications. Several bipyridine-
derived chelating polymers have been developed to selectively remove heavy metals from

contaminated water sources by forming stable metal complexes.

2,2’-Bipyridine-based porous coordination polymers (PCPs) have also been investigated
for their potential use in catalysis. These catalysts have shown high activity and selectivity
to adsorb or degrade various pollutants, making them attractive alternatives to traditional
homogeneous catalysts. In this context, 2,2’-bipyridine-based novel chelating polymers
and PCPs have been developed to remove contaminants such as metal ions, organic dyes

and antibiotics from aqueous solutions.
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In the first section, a new chelating monomer N-([2,2’-bipyridine]-4-yl) methacrylamide
(BpyMA) was synthesized from precursor 4-amino-2,2’-bipyridine by reacting it with
methacrolyl chloride in the presence of triethylamine as a base, in order to introduce the
polymerizable group. Several optimizations were done to synthesize its corresponding
polymer, poly-N-([2,2’-bipyridine]-4-yl)methacrylamide (PBpyMA), using the free radical
polymerization technique. The highest molecular weight was achieved at My, ~43.9 kg mol™! at
65 °C for 24 h using the free radical initiator AIBN (0.25 mol%). Thermal analysis was done
to analyze the stability of the polymer (PBpyMA), and it was found to be stable up to 285 °C.
FESEM studies revealed porous three-dimensional crosslinked network structure formation
due to metal-polymer complexation with 80-120 nm pore size. UV-vis spectroscopy was used
to establish the stoichiometry between polymer and metal ions. PBpyMA was further tested for
its potential application as an adsorbent in removing metal ions from organic solvents. The
polymer was found to work well in commonly used solvents such as THF, DMSO, and DMF.
A simple and straightforward procedure was used to remove Fe**, Co?", Ni?*, Cu?*, Zn**, and
Cd* metal ions and established from UV-vis and ICP-MS studies. Metal ion extraction reached
its peak within one hour at room temperature in THF solvent, as indicated by kinetic studies.
Exceptionally high metal uptake was achieved for Zn*" and Cd**, respectively, by using UV-
vis and ICP-MS techniques. Our findings indicated that bipyridine-based polymers are
potential candidates for removing heavy metal ion contamination often seen in organic
synthesis.

In the second section, two novel porous coordination polymers (PCPs) were synthesized to
contribute to one of the most critical sustainable development goals of ensuring the availability
of clean water. Two novel linkers, DBTA and TBTA, having two and three bipyridine units,
were synthesized by reacting precursors 4-amino-2,2’-bipyridine with terephthaloyl dichloride

and 1,3,5-benzene tricarbonyl trichloride, respectively in the presence of triethylamine as a

viii



base. The solvothermal reaction generated PCPs using Co(NO3),.6H>O as a metal source.
Under optimal reaction conditions, these novel PCPs were found to have a macroporous
morphology with the highest surface area for Co-DBTA-5 (296.5 m? g') and Co-TBTA-7
(441.1 m? g'!). The PXRD diffractogram data validated the successful synthesis of Co-PCPs.
Also, the results from the TGA analysis showed high thermal stability for PCPs. The catalytic
activity of Co-PCPs to degrade various dyes from water, including cationic (MB and RhB) and
anionic dyes (MO and OII), was investigated using a very straightforward approach. It was
found that anionic dyes were selectively degraded with up to ~ 99 % efficiency within an hour.
Co-DBTA-5 demonstrated maximal degradation efficiency for MO (~ 98 %) and OII (94.8 %)
in 50 and 36 min at 25 °C, respectively. GC-MS analysis further confirmed the reduction of
MO into small molecules, all of which could be structurally identified. Studies on regeneration
and reusability reveal that the PCPs can be utilized repeatedly for up to 5 cycles with no change
in degrading efficiency. The simplicity of the proposed technique suggests that Co-PCPs could
be used as a catalyst in water purification applications.

In the subsequent section, macroporous bimetallic PCPs were designed to test their potential
application as a photocatalyst to degrade AMX from aqueous solution. DBTA was used as an
organic linker to synthesize a series of PCPs by varying Co(NO3)2.6H>0 and Cu(NO3)2.6H,0
molar ratios. These PCPs were labelled as PCP-2 (Co: Cu-(80:20), PCP- 3 (Co: Cu (67:33),
PCP-4 (Co: Cu (50:50), PCP-5 (Co: Cu (33:67), and PCP-6 (Co: Cu (20:80), respectively. Two
single-metal PCPs, PCP-1 (Co-DBTA) and PCP-7 (Cu-DBTA) were prepared by adding Co*"
or Cu?* metal ions under the same reaction conditions. The surface areas of the PCPs were
determined using the BET technique. The highest surface area was achieved, up to 970.70 m?
g! for PCP-4 containing a 1:1 ratio of Co**: Cu?" metal ions. From thermal analysis, a variable
degradation pattern was observed by changing the molar ratio of metal ions. For the

photocatalytic degradation of AMX, PCP-4 showed the highest degradation efficiency within



70 min at room temperature. The GC-MS analysis confirms the breakdown of the antibiotic
into smaller and less harmful molecules. Additionally, the ability of the PCPs to be regenerated
and reused for multiple cycles with minimal loss in degradation efficiency highlights their

practicality and cost-effectiveness.



NIKS

RS- fofigw &1 I9e! Aoigd YSia fRRdT 3R fharfiiad & smar &
HRUN YT-IAfT ferigy & U & 98 THH W gy fovar T g1 2,2'-ofafea &
gIgece, dc fefis & Sl &l 3o oils &M & YT SHTaHT & A1y fRRR 999 U]
1 10 ST B | T8 TP TTeH 319 §, Sl e [dadh! # a2 § dfd- oidd
Tfear 7 Srga=id g1 39 701 & HRU ABE-d UG [0 H TqHT AMUSG ST
g3 g, faiy U J Ueh IARF & ©U H, 581 B3 GehHUI YT IRIR oI §9 THH R Hs
A ufdfosanal, S sifafienur, HHt 3R shry-gr- Ufcfeharadl & fo fewms fdba
T B | 3% g 3adee 3R R 01 38 T Il S i Iafe oo,
UId-PIEHD &fd, BRI 3R S Bl AT B & AT Tw Iuarh fafcgT
sl S 5 | T fagm, fia faqm ok wmelt fasm afed faftra &= & s sruai
&I T favqa @an g1 yaiarufig gurR & fom, 2,2'-arfREH-gas uifemR gudeor
fAR Sy & fTT 9% HHTGTE Wiad § | FRR o1g aReRi &1 fAaior s giva o
Fidl ¥ YR 41get @I el U ¥ g & U os afuRSH-gdd dafcT Ui
farep Ryt fobu MU B

JAR® T I AUIAd I & e 2,2'-fafuRSH-smenia fgyol wo-aa difermR
RA) Y 2 o ) T 21 5 SaRET A R Tee! B S a1 fefed e ¥ R
I TIfAfafY 3R T fGETs 8, o 3 URUR® ToIkiia IERS! & Y SHyd
faepey &7 T B1 39 Jeu | Sl Hie @ urq g, e T R tlamifeay 9d
g yardf @t gem & for 2,2'-SrgfaREH-sneiia Iu=ard JafT uifemR iR Ui
faepfird fbu MU g
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UEd TS H, TP AT = HAMR T-([2,2-SRURSH]-4-a80a) AAfbamEs
(STHETHY) B BABINEA FARISS b WY U1 PP Yaaa 4- 32,2 -STeREH
¥ I=ifba fopar T o1 OiferRIgsied 9Yg B! U &4 & o, YR & U o
CRURAART B IR | gad ASHa TeltRIgwIR db-iics & JUANT B 3P
Uefid difemR,  dieh-TA-([2,2 - SRS H]-4-asuaBAfbamss  (dedsedy) &
TN PR & [ B3 e [bU T A1 Gad ASHd Foih AIBN (0.25 mol %) &1
I HRb 24 °S & U 65 °C TR Mw ~43.9 kg mol™! TR I=aH 3MT0Ifdeh YR UTed faea
T 7| iR (HieTUTguAY) &t fRURAT 1 faRawur o & fore ywer fa=etsor fasan
T, 3R 5 285 S AT dop FRRR Ura 70T UT| U UER UH {01 § Ul 9l o 80-
120 TAEH &% PR & WY UId-9gad Sfeddl & HRUN fSaqul -t widfcias
Fegd TaAT o1 AT gan | TR 3R U1q 3l & S Wige e RIid 334 & forg
Iat-fast Weae Rep It 1 JUANT foa 71T UT | HTd e Tedeq F ¢Tq Mo &) geH o T
fIRNYS & =0 & TP JUTAT SN & T PBpyMA &1 3R ULterT farar | a8
g T o TR AR TR SXATE §1H aTd Aleded ol <TeUt, Seauws) 3R
ST T 3BT B FRAT g | Fed*, Co?*, Ni2*, Cu?*, Zn?* 3R Cd?* UTqd STl &I g
¥ o T WA iR e ufthar &1 IuaiT fan mar iR gdi-faw ok snsadidh-uhey
Y § R fhar 77| Hrgafesd el d udl Ia fob 41g Al &1 SHfdday
sy AUaUw faaa® § HER & d9HH R T G o iR gTRIA foham Tar 4Tl gdl-

faS 3IR S HIU-THTY TaHie! BT IUINT HP, HHT: Zn2* 3R Cd2* & AT SETYRT
¥U ¥ 3 U1 TgU U foham a1 uTl gHR Fshet § ohd firean 8 & asfulRd-
ST TR HTai-d SRAWT § SRR ¢ O aTel HRY 4T 3T HguUl & g &
ferg Hwifad Irfiear § |
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R TS H, W UMl BT Jua=al AT S & g9 Hgayqul 9ad faerg aedl § 9
TH § INTeH o34 & AU &l 7 feggul w9y difermr (ki) &1 S=aiftd foear ma
Tl & 7Y fied, Seidit ok ddid, oA & ok dF ssffeh soral &, &
CTRUTZEHIS &I IUTRUFA & HH: WIS SEFIRZS 3R 1,3,5-S61H CRHIEd
RTINS & 1Y Ydafadr 4-3i1-2,2'-SiRURSH W ufdfchar e A=l fovam
T | Alcarydd Ufdferar = 41g d & ¥4 & Co(NO3)2.6H20 BT STIANT HXdb Tt I
fan| gyaw ufafsrar fufadl & aga, 379 FdH TRAR & Co-DBTA-5 (296.5 m? g') 3R
Co-TBTA-7 (441.1 m? g™") & ToTT I=aqy Tdg &F & 1Y Th HehIURY 3Mhid fag um
7| YITeISRS! fShacam Sl 4 Ig-UHiil & I YNl &l 71 (a1l 5896
3feiTa, ieily fazayor & gRumer 3 g & fore 3= ardiy fRRdr fewrs | 39 sta,
ol faaur & gfRoml 3 diHdidt & forg 3= drdig fRuzar fewrs | 4 (@wst oik
3RTE) SR frafyes T (sl ok snemgers) afgd urit / fafte W &1 faafed &
& fore Tg-URid &1 IaRS Al &1 9id T 9gd 81 TR DD BT JUIAN IXb D
Ts | I 9rn T b s 3 ®l U €S & AR ~99 % q&dT & 1 giHer ®u 9
faafed fasan mar| gg-Sleiciu-5 A waRT: 25 {33 A | 50 SR 36 fire & whah (~
98 %) 3R NS (94.8 %) F MY iferpar FRTaT Tardm 1 yaxi= fbar| Siet-Tagy
fa=eyor = THaN & Bie sl # HH &1 g &1, o d O T &l WRaeTd U 4 ugar ]
ST qhdl 8| G 3R : Tasddl WR 30 ¥ UdT Iadr ¢ & it & 5 bt do

TR-IR SUANT {1 & Yoba g, ORI &l & PIs Scald el aidl g | Udifdd dob-ildh
! TRAT Y U1 Il § o G5-UHT BT JUANT oIet RN SWART § GRS & &4 &
CRIRSIRSEEIR
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SATRT ST H, FhIURY s TRl &1 Joiid Ui ¥ TUHTE &1 a1 foum &
foTQ U BIcidhelone & U H I SHITAd S9N &1 URI&0T = o fore fEwms fban
T YT| DBTA &1 SUTNT Co(NO3)2.6H20 3R Cu(NO3)2.6H,0 FIR 0T &1 e HRah
YR &1 T e & I @A & [T T e fddr & U H foodT a1 1| 39
UG o1 iRt -2 (Co: Cu-(80:20), UMY - 3 (Co: Cu (67:33), UMY -4 (Co: Cu (50:50),
Ui -5 (Co) & U H dad fobdn a1 4Tl : Cu (33:67), IR URAY -6 (Co: Cu (20:80),
U | & Thd-4Td T, TRidt -1 (Co-DBTA) iR URAT -7 (Cu-DBTA) §RT dOR
fpu 7T | JHE wfdferar Rufcdl & dgd Co3* a1 Cu?* UTd 3l & Sie-T| TRigN &
g &3 Bl BET db-ich T IUANT heh (AfRa fasam mmam ur| diedidt -4 & ferw 970.70

m? g d% IAad Ide &F U foeam T T, fS 101 BT SFUIG ATl Co3* @ Cu* 4T
3T | YHd TIRANUT 9, T ST & &6 3UTd &I dGadhR U URa-RITd R1de g
&1 7| TUHUR & BIcidbeidicd &R & farg, tiefit-4 3 $HR & quaH wR 70 fiFe
& MidR I &RUT &1 feETs | Sil-THEY faRavy Tarifes & B 3R &1
BHHRS st & e &1 g TRl g1 39 Sffafkad, TRt &t g7 Id o iR
&RUT Gl T <AqH BT & WY H3 Tebl & (A4 G: STANT B D1 &HAT ID!

ATIEINRD Il B SGTR Bl &
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