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CY Chemistry 

Σεχτιον 1: Πηψσιχαλ Χηεmιστρψ 

Structure: Po stulate s o f quantum me c hanic s. Time  de pe nde nt and time  inde pe nde nt 

Sc hrö dinge r e quatio ns. Bo rn inte rpre ta tio n. Partic le  in a  bo x. Harmo nic  o sc illato r. Rig id  

ro to r. Hydro ge n a to m: a to mic  o rb ita ls. Multi-e le c tro n a to ms: o rb ita l appro ximatio n. 

Varia tio n and first o rde r pe rturbatio n te c hnique s. Che mic al bo nding : Vale nc e  bo nd  

the o ry and LCAO-MO the o ry. Hybrid  o rb ita ls. Applic atio ns o f LCAO-MOT to  H2
+, H2 and 

o the r ho mo nuc le ar dia to mic  mo le c ule s, he te ro nuc le ar diato mic  mo le c ule s like  HF, CO, 

NO, and to  simple  de lo c alize d π– e le c tro n syste ms. Hüc ke l appro ximatio n and its 

applic a tio n to  annular  π – e le c tro n syste ms. Symme try e le me nts and o pe ratio ns. Po int 

gro ups and c harac te r tab le s. Orig in o f se le c tio n rule s fo r ro ta tio nal, vibratio nal, e le c tro nic  

and Raman spe c tro sc o py o f d ia to mic  and po lyato mic  mo le c ule s. Einste in c o e ffic ie nts. 

Re latio nship o f transitio n mo me nt inte gra l with mo lar e xtinc tio n c o e ffic ie nt and o sc illato r 

stre ng th. Basic  princ iple s o f nuc le ar magne tic  re so nanc e : nuc le ar g  fac to r, c he mic al shift, 

nuc le ar c o upling . 

Equilibrium: Laws o f the rmo dynamic s. Standard sta te s. The rmo c he mistry. The rmo dynamic  

func tio ns and the ir re latio nships: Gibbs-He lmho ltz and Maxwe ll re latio ns, van’ t Ho ff 

e quatio n. Crite ria  o f spo ntane ity and  e quilibrium. Abso lute  e ntro py. Partia l mo lar 

quantitie s. The rmo dynamic s o f mixing . Che mic al po te ntia l. Fugac ity, ac tivity and  ac tivity 

c o e ffic ie nts. Che mic al e quilibria . De pe nde nc e  o f e quilibrium c o nstant o n te mpe rature  

and pre ssure . No n-ide al so lutio ns. Io nic  mo bility and c o nduc tivity. De bye -Hüc ke l limiting  

law. De bye -Hüc ke l-Onsage r e quatio n. Standard e le c tro de  po te ntia ls and 

e le c tro c he mic al c e lls. Po te ntio me tric  and c o nduc to me tric  titra tio ns. Phase  rule . Clausius-

Clape yro n e quatio n. Phase  diagram o f o ne  c o mpo ne nt syste ms: CO2, H2O, S; two  

c o mpo ne nt syste ms: liquid-vapo ur, liquid-liquid and so lid-liquid syste ms. Frac tio nal 

distillatio n. Aze o tro pe s and e ute c tic s. Sta tistic a l the rmo dynamic s: mic ro c ano nic al and 

c ano nic a l e nse mble s, Bo ltzmann distributio n, partitio n func tio ns and the rmo dynamic  

pro pe rtie s. 

Kinetics: Transitio n sta te  the o ry: Eyring  e quatio n, the rmo dynamic  aspe c ts. Po te ntia l 

e ne rgy surfac e s and c lassic al tra je c to rie s. Ele me ntary, paralle l, o ppo sing  and c o nse c utive  

re ac tio ns. Ste ady sta te  appro ximatio n. Me c hanisms o f c o mple x re ac tio ns. Unimo le c ular 

re ac tio ns. Kine tic s o f po lyme riza tio n and e nzyme  c ata lysis. Fast re ac tio n kine tic s: 

re laxatio n and flo w me tho ds. Kine tic s o f pho to c he mic al and pho to physic a l pro c e sse s.  

Surfaces and Interfaces: Physiso rptio n and c he miso rptio n. Langmuir, Fre undlic h and BET 

iso the rms. Surfac e  c a ta lysis: Langmuir-Hinshe lwo o d me c hanism. Surfac e  te nsio n, visc o sity. 

Se lf-asse mbly. Physic al c he mistry o f c o llo ids, mic e lle s and mac ro mo le c ule s. 

Σεχτιον 2: Ινοργανιχ Χηεmιστρψ 

Main Group Elements: Hydride s, halide s, o xide s, o xo ac ids, nitride s, sulfide s – shape s and 

re ac tivity. Struc ture  and bo nding  o f bo rane s, c arbo rane s, silic o ne s, silic ate s, bo ro n nitride , 

bo razine s and pho sphaze ne s. Allo tro pe s o f c arbo n. Che mistry o f no ble  gase s, 

pse udo halo ge ns, and inte rhalo ge n c o mpo unds. Ac id-base  c o nc e pts. 

 

Transition Elements: Co o rdinatio n c he mistry – struc ture  and iso me rism, the o rie s o f bo nding  

(VBT, CFT, and MOT). Ene rgy le ve l d iagrams in vario us c rysta l fie lds, CFSE, applic atio ns o f 

CFT, Jahn-Te lle r disto rtio n. Ele c tro nic  spe c tra  o f transitio n me ta l c o mple xe s: spe c tro sc o pic  

te rm symbo ls, se le c tio n rule s, Orge l diagrams, c harge -transfe r spe c tra . Magne tic  
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pro pe rtie s o f transitio n me tal c o mple xe s. Re ac tio n me c hanisms: kine tic  and 

the rmo dynamic  stab ility, substitutio n and re do x re ac tio ns. 

 

Lanthanides and Actinides: Re c o ve ry. Pe rio dic  pro pe rtie s, spe c tra  and magne tic  

pro pe rtie s. 

 

Organometallics: 18-Ele c tro n rule ; me tal-a lkyl, me tal-c arbo nyl, me tal-o le fin and me tal-

c arbe ne  c o mple xe s and me tallo c e ne s. Fluxio nality in o rg ano me tallic  c o mple xe s. Type s o f 

o rgano me tallic  re ac tio ns. Ho mo ge ne o us c ata lysis - Hydro ge natio n, hydro fo rmylatio n, 

ac e tic  ac id  synthe sis, me tathe sis and o le fin o xidatio n. He te ro ge ne o us c a ta lysis - Fisc he r-

Tro psc h re ac tio n, Zie g le r-Natta  po lyme riza tio n. 

 

Radioactivity: De c ay pro c e sse s, half-life  o f radio ac tive  e le me nts, fissio n and fusio n 

pro c e sse s. 

 

Bioinorganic Chemistry: Io n (Na + and  K+) transpo rt, o xyge n b inding , transpo rt and  

utilizatio n, e le c tro n transfe r re ac tio ns, nitro ge n fixa tio n, me tallo e nzyme s c o nta ining  

magne sium, mo lybde num, iro n, c o balt, c o ppe r and zinc . 

 

Solids: Crysta l syste ms and lattic e s, Mille r plane s, c rysta l pac king , c rysta l de fe c ts, Bragg ’ s 

law, io nic  c rysta ls, struc ture s o f AX, AX2, ABX3 type  c o mpo unds, spine ls, band the o ry, 

me tals and se mic o nduc to rs. 

 

Instrumental Methods of Analysis: UV-visib le  spe c tro pho to me try, NMR and ESR 

spe c tro sc o py, mass spe c tro me try. Chro mato graphy inc luding  GC and HPLC. 

Ele c tro analytic a l me tho ds- po laro graphy, c yc lic  vo ltamme try, io n-se le c tive  e le c tro de s. 

The rmo analytic a l me tho ds. 

 

Σεχτιον 3: Οργανιχ Χηεmιστρψ 

Stereochemistry: Chirality o f o rganic  mo le c ule s with o r witho ut c hira l c e ntre s and 

de te rminatio n o f the ir abso lute  c o nfiguratio ns. Re lative  ste re o c he mistry in c o mpo unds 

having  mo re  than o ne  ste re o ge nic  c e ntre . Ho mo to pic , e nantio to pic  and diaste re o to pic  

a to ms, gro ups and fac e s. Ste re o se le c tive  and ste re o spe c ific  synthe sis. Co nfo rmatio nal 

analysis o f ac yc lic  and c yc lic  c o mpo unds. Ge o me tric a l iso me rism. Co nfiguratio nal and 

c o nfo rmatio nal e ffe c ts, and ne ighbo uring  gro up partic ipatio n o n re ac tivity and 

se le c tivity/ spe c ific ity.  

 

Reaction Mechanisms: Basic  me c hanistic  c o nc e pts – kine tic  ve rsus the rmo dynamic  

c o ntro l, Hammo nd’ s po stula te  and Curtin-Hamme tt princ iple . Me tho ds o f de te rmining  

re ac tio n me c hanisms thro ugh ide ntific a tio n o f pro duc ts, inte rme diate s and  iso to pic  

labe ling .  Nuc le o philic  and e le c tro philic  substitutio n re ac tio ns (bo th aro matic  and 

aliphatic ). Additio n re ac tio ns to  c arbo n-c arbo n and c arbo n-he te ro ato m (N,O) multiple  

bo nds. Eliminatio n re ac tio ns. Re ac tive  inte rme dia te s – c arbo c atio ns, c arbanio ns, 

c arbe ne s, nitre ne s, a ryne s and fre e  radic als. Mo le c ular re arrange me nts invo lving  e le c tro n 

de fic ie nt a to ms. 

 

Organic Synthesis: Synthe sis, re ac tio ns, me c hanisms and se le c tivity invo lving  the  fo llo wing  

c lasse s o f c o mpo unds – a lke ne s, a lkyne s, are ne s, a lc o ho ls, phe no ls, a lde hyde s, ke to ne s, 

c arbo xylic  ac ids, e ste rs, nitrile s, halide s, nitro  c o mpo unds, amine s and amide s. Use s o f Mg , 

Li, Cu, B, Zn and Si base d re age nts in o rganic  synthe sis. Carbo n-c arbo n bo nd fo rmatio n 

thro ugh c o upling  re ac tio ns - He c k, Suzuki, Stille  and So no go shira . Co nc e pts o f multiste p 
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synthe sis - re tro synthe tic  analysis, stra te g ic  disc o nne c tio ns, syntho ns and synthe tic  

e quivale nts. Umpo lung  re ac tivity – fo rmyl and ac yl anio n e quivale nts. Se le c tivity in 

o rganic  synthe sis – c he mo -, re g io - and ste re o se le c tivity. Pro te c tio n and de pro te c tio n o f 

func tio nal gro ups. Co nc e pts o f asymme tric  synthe sis – re so lutio n (inc luding  e nzymatic ), 

de symme triza tio n and use  o f c hiral auxilliarie s. Carbo n-c arbo n bo nd fo rming  re ac tio ns 

thro ugh e no la te s (inc luding  bo ro n e no late s), e namine s and silyl e no l e the rs. Mic hae l 

additio n re ac tio n. Ste re o se le c tive  additio n to  C=O gro ups (Cram and Fe lkin-Anh mo de ls). 

 

Pericyclic Reactions and Photochemistry: Ele c tro c yc lic , c yc lo additio n and sigmatro pic  

re ac tio ns. Orbita l c o rre latio ns - FMO and PMO tre atme nts. Pho to c he mistry o f a lke ne s, 

are ne s and c arbo nyl c o mpo unds. Pho to o xidatio n and pho to re duc tio n. Di-┨-me thane  

re arrange me nt, Barto n re ac tio n. 

 

Heterocyclic  Compounds: Struc ture , pre paratio n, pro pe rtie s and re ac tio ns o f furan, 

pyrro le , thio phe ne , pyridine , indo le , quino line  and iso quino line . 

 

Biomolecules: Struc ture , pro pe rtie s and re ac tio ns o f mo no - and di-sac c haride s, 

physic o c he mic al pro pe rtie s o f amino  ac ids, c he mic al synthe sis o f pe ptide s, struc tural 

fe a ture s o f pro te ins, nuc le ic  ac ids, ste ro ids, te rpe no ids, c aro te no ids, and alkalo ids. 

 

Spectroscopy: Applic a tio ns o f UV-visib le , IR, NMR and Mass spe c tro me try in the  struc tural 

de te rminatio n o f o rg anic  mo le c ule s. 

  


