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• Offers UG programmes in 7 streams 

• PG Programs in 23 streams 

• Ph.D. in all core streams 

• Ranked among top 10 technical universities in different surveys 

• Collaborations with leading foreign universities 

• Trinity College, Dublin University, Trinity, Ireland 

• No. 1 in placement in the region (90-100%) 

• NO RAGGING INSTITUTE 

• Fully residential campus; 7000 students;  

     6 Boys hostels + 4 Girls hostels 
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 Herbicides  

(Sulfosulfuron) 

 Pesticides  

Biocides 

(Carbamate) 

Insecticides  

(Imidacloprid; 

Methyl Parthion) 

Fungicides  
(Blasticidin S;  

 Biphenyl) 

    Only 0.1% of amount reached to the target species. 

  Adverse effects 

Reproductive disorder,  Premature babies, 

Highly contaminated area Malwa region of Punjab  

having cancer cases: 560/100000 population 

 

 

 

Persistent in nature 

Photolysis 

Highly toxic than parent. 

Disadvantage: Slow and intermediates  

                                         (Toxic/ Non-toxic)  

   Natural degradation: using sunlight  

                                   or biodegradation  

Sulfosulfuron (t1/2 ~162 days) 

  Classification 

N
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SO2NHCONH
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OCH3H3CO

NH2

Photocatalytic Degradation of Toxic Pesticides, PAHs, Dyes and 

Photokilling of pathogenic/agro bacteria using greener processes 



Monday, May 30, 2016 

THAPAR UNIVERSITY, PATIALA 10 

 Produced due to incomplete combustion1 of organic  mass. 

 Huge amount of straw stubble burning in Punjab 

 

 Present in : 

                   
•Cooking oil 

(0.15- 13.98µg/kg) 

 

•Air  

 (0.41-8.2ng/m3) 

 

•Soil 

(0.79-15.9 ng/kg, 

 burning of crop waste) 

 

S. No. Name                   Classification 

(US EPA, 1997)  (IARC) 

1. Naphthalene  √ 2B 

2. Phenanthrene  √ -- 

3. Anthracene  √ -- 

4. Acenaphthylene  √ -- 

5. Dibenz[a,h]anthracene  √ 2A 

6. Benz[a]anthracene  √ 2A 

7. Benzo[b]fluoranthene  √ 2B 

8. Acenaphthene  √ -- 

9. Chrysene  √ -- 

10. Benz[a]pyrene  √ 2A 

11. Fluoranthene  √ -- 

12. Indeno[1,2,3]pyrene  √ 2B 

13. Fluorene  √ -- 

14. Pyrene  √ -- 

15. Benzo[k]fluoranthene  √ 2B 

16. Benzo[ghi]perylene  √ -- 

2A: Probabal human 

carcinogenic;  2B:  Possible 

human carcinogenic 

Polycyclic Aromatic Hydrocarbons (PAHs) 



 Influence of heteroatoms (N, Cl, O, P, S etc.,) present in pesticides, for imparting 

the stability, toxicity to the photoproduced intermediates need to be studied.  

 Photodegradation of pesticides results in fragmentation of parent molecule into 

smaller intermediates that finally decomposes to CO2 and inorganic ions. 

However, mechanism during degradation and the fate of heteroatoms present in 

the pesticides requires investigation.. 

 Visible light sensitive TiO2 photocatalysts of different shapes and sizes and effect of 

metal co-catalysts loading for effective mineralization of dyes, pesticides, toxic 

pyrene and killing of bacteria etc present in industrial effluents and agricultural 

land under UV/sun light exposure 

 

 

 

 



N

N
NH

N

Cl

N+
O-O

 Extensively used, 
Neurotoxic & 
carcinogenic   
 t1/2 = 30-162 days, 
 Solubility  = 550 mg/l, 
Causes: weakning of  
  breathing muscles 

Imidacloprid 

NO2

O

P

S

OCH3H3CO

Methyl Parathion 

T1/2 = ~179 days 

Potential Health 
Affects : 
 Headache, loss of 
vision and conscious,  
severe depressions, 
sleep walking, and 
death 

N

N

SO2NHCONH

N

N
OCH3

OCH3

SO2Et

Sulfosulfuron (t1/2 ~162 days) 





 Metal Co-catalysis effect for TiO2  photocatalysis   

Quantum  size particles result in higher surface activity 

Nature of metal effects 
the rate of reaction.   

Each shape has its own 
characteristic property. 

 Fermi level shift to 
more negative potential  

 Number of TiO2-metal 
junction and Interfacial 
contact area influence 
the reaction rate. 

 Quick charge transfer 
from photocatalyst to 
metal co-catalyst. 

 Preventing e--h+ pair 
recombination in varied 
extent. 



Au, Ag and Cu M-TiO2 photocatalysis under visible light light irradiation 



Methyl orange dye 
photodegradation 





Woolen bun like microspheres (2μm) containing lengthy CdS nanowires for higher 

sun light absorption capacity and photoactivity 

2 µm 

8-10 µm 



 1 mg/ml 

  in acetone 

Λext= 360 nm 







 Metal (Au, Ag & Cu) –CdS composites for high photoactivity  under sunlight 

exposure for degradation of salicylic acid 
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Au 

L ~100-126 nm 

W ~ 6-8 nm 

(2-3 nm) 

Salicylic acid degradation (0.5 mM) 

1 mg/ml in acetone 

λext = 380 nm 

Rohit Singh and Bonamali Pal, “Enhanced photocatalytic activity of coinage metal-CdS nanorod composites under sunlight 

irradiation,  accepted in Advance Materials Research (2012). 



Movable CdO@CdS core-shell  nanostructures in lengthy SiO2 matrix 



(a) 

SiO2 

24 
20 nm 

(b) 

(c) (d) 

CdS 

   SiO2 

(~ 3 nm) 

CdS 

SiO2@CdS-NR 

After 3 h  After 5 h  

33 nm 

100 nm 

26.6 nm 

BET surface area = 42.4 m2g-1 

Movable multi core-shell particles  
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Photodegradation of Methyl orange (60 µM) Reusability test for MO (0.6 mM) 

Sample Cd 

(at%) 
S 

(at%) 
Si 

(at%) 
O 

(at%) 
Cu 

(at%) 
Total 

(a)Bare CdS-

NR 
36.63 40.57 - 5.07 17.73 100.00 

(b) SiO2@CdS-

NR 
19.79 22.90 12.81 17.81 26.69 100.00 

(c) SiO2@CdS-

NR(PE) after 3 

h 

14.62 17.12 9.57 38.15      20.54 100.00 

(d) SiO2@CdS-

NR(PE) after 5 

h 

8.77 11.61 7.47 49.47 22.68 100.00 
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Estimation for CO2 formation  

Mineralization  found after 240 min: 
 (i) 73.0 % for Naphthalene 
 (ii) 78.2%  for Anthracene 











Shape-dependent bactericidal activity of TiO2 for the killing of Gram-negative bacteria 
Agrobacterium tumefaciens under UV torch irradiation 













Effect of metal –TiO2 catalysts   





TEM images of lenghty Titanate Nnotubes 
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Ag loading increase the 
photocatalytic  activity.  
 
Increase in  amount of Ag-
loading(> 0.5 wt%) decreases the   
 photocatalytic activity.  
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Photomineralization and mechanistic study of Imidacloprid 
insecticide by Ag deposited sodium titanate nanotubes 
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MS-Chromatographs for identified 
 intermediates  

Y-axis = intensity (%) 

(3) 
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CO2 Formation 
Ions Formation 
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Formation of ions confirms mineralization 
0.5-Ag-TNT showed maximum mineralization  = 34 % 
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Stoichiometric  chemical equations: 

Theoretical 

Time course study for intermediate formation/degradation during 
photooxidation of imidacloprid and mass balancing 
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Gradual Improvement in crystallinity  
with rise of calcination temperature. 

Calcination 
Temp. (oC) 

*Anatase 
Crystallite 
Size (nm) 

SBET 
(m2g-1) 

200 16 79 

300 20 68 

400 23 61 

500 28 57 

600 31 49 

700 34 40 

800 38 35 

900 40 31 

 Initiation of anatase-to-rutile  
    transformation at > 800 oC 

*Calculated using Scherrer Equation 
 d = 0.9λ/(β cos θ), d= crystallite size, 
λ  = 1.5 Å, β =full width at half maxima  
 

High temperature synthesis of anatase TiO2 and its improved 
photocatalytic activity for degradation of Methyl Parathion 
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HR-TEM Images 
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  2 nm 

Fig. (a-e)HR-TEM Images for 1 wt% Au- TiO2nanorods calcined at 800 oC and (f) corresponding  
lattice fringe width 
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Photocatalytic activity 
NO2

O

P

S

OCH3H3CO

Methyl Parathion 

 Restricted, since 1999 as per EPA 

Potential Health Affects : 
 Headache, loss of vision and 
conscious,  severe depressions, 
sleep walking, and death 

T1/2 = ~179 days 

Follows Pseudo-first order  
Kinetics, k = -log(C/C0) 
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Estimation for CO2 formation Intermediate’s Identification 

Conclusions: 
Stability of Anatase phase > 800 oC. 
Increment in photocatalytic activity with  
rise of calcination temperature for C-2 to 
 C-9 catalyst. 
Higher activity than P25-TiO2. 
No detrimental influence of decrease in  
SBET and increase in anatase crystallite size 
 for degradation of methyl parathion.  
 



5 µm 

Preparation and characterization of TiO2 nanowires for 
improved photocatalytic under sun light irradiation 



500 nm 500 nm 

100 nm 

Au-TNW 

Size = 2-8 µm  

Au size = 4-6 nm 

SBET = 136 m2g-1 
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Photocatalytic activity  
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Conclusion: 
Higher relaxation 
time of  
photoexcited 
charger carriers 
resulted 
 into higher 
catalytic for bare 
TNW and  
Au-TNW in 
comparison to 
P25-TiO2. 

Conclusion: Mechanistic study for mineralization of imidacloprid was proposed; Presence  
 of  intermediates (I-2, I-4and I-6) after 180 min of reaction explains the lack of stoichiometric 
 mass balance. 
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TiO2 Nanorods 
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17 O2 

        Extensively used, 
Neurotoxic & carcinogenic   
      t1/2 = 30-162 days, 
   Solubility  = 550 mg/l, 
Causes: weakning of  
              breathing muscles 
 
 

X 
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Photodegradation of aqueous suspension of 
imidacloprid (25 ppm) and (a) P25-TiO2, (b) 
titania nanorod, (c) sodium titanate nanotube 
particles and CO2 produced by (d) titania 
nanorod and (e) sodium titanate nanotube. 

Conclusion:  Change in shape of titania nanoparticles alters electro-kinetic properties. 
                       Higher Surface area  of nanotubes resulted into  its higher photoactivity. 

HPLC chromatograph  for  (a) authentic  
imidacloprid and (b) its photooxidation by 
 TNT after 120 min of  UV-light irradiation. 

Photocatalytic activity 
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Summary and Conclusions  

Photocatalytic degradation of pesticides and polycyclic aromatic hydrocarbons by metal 

doped titania nanoparticles could be effective under sun light amd more greener route 

In summary, present work demonstrated thatdifferent sizes, shapes of titania/titanate 

nanoparticles and studied the complete decomposition of pesticides (imidacloprid, 

sulfosulfuron, propiconazole and methylparathion) and PAHs (naphthalene and anthracene) 

Crystalline sodium titanate nanorods exhibiting comparable photoredox activities to that of 

P25 for photoreduction of m-DNB and photooxidation of sulfosulfuron. TNW displayed 

much higher PCA than P25 for decomposition of propiconazole under UV- and sun-light,  
 
Ag-photodeposited TNT is an efficient catalyst for the decomposition of IMI to 
CO2 and inorganic ions. The formation of number of identified intermediates 
reveal the complexity of photocatalytic process, suggesting the existence of 
various oxidation routes and non-specific attack of hydroxyl radicals that result 
in multi-step and interconnected pathways for decomposition of IMI.  

TiO2 crystal phase played a vital role for superior photoactivity for MP degradation, 
the detrimental influences of decreased surface area, increased particle size and 
crystallite size are not observed for the C-2 to C-9 catalysts that were thermally 
treated at high temperatures. 
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Publications 
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M. Sc. (Chemistry) 

M.Sc. (Biochemistry) and Ph.D. 

• 30 seats + (3 FN/NRI seats) in each stream 

• Six month Project thesis 

• Special Coaching for NET, & GATE examinations 

• Recruitment opportunity in  national research labs & research 

projects 

• Merit scholarships for toppers of M.Sc. Programme 
 

ELIGIBILITY:  

B.Sc. Degree with 60% marks (55% for SC/ST students) and 

chemistry/biochemistry as one of the subjects. 

Selection Procedure: 

Admissions shall be made on the basis of marks obtained at 10th, 12th and 

graduation (aggregate marks up to second year/four semesters will be considered) 
 



• School consistently features in top 3 departments/School of TU in academic 

research score (on the basis of publication + research funding + Ph.D. thesis 

guidance) 

• In faculty strength, SCBC in bottom 3 of TU 
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Research Achievements of the School 



Research Achievements of the School of 

Chemistry & Biochemistry 

No. of Publications: 450 

Average impact factor per publication: 2.5 

No. of on-going Major Research Projects:  15 

Grant-in Aid (on-going Projects): ~ ₹ 30 million ( Euro 
4,64,000)   

 

No. of completed Major Research Projects: 24 

Grant-in Aid (completed Projects): ~ ₹ 400 million 
(Euro 5,90,914) 

No. of Ph.D on-going: 50 

No. of Ph.D completed: 35 
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RESEARCH  AREAS 
•Nanomaterials & Photocatalysis 

•Chemical Sensors, Biosensors 

•Biocatalysis & Biotransformation 

•Biofuels & Catalysis 

•Synthetic Organic Chemistry  

•Biophysical and Bioinorganic Chemistry 

•Medicinal Chemistry 

•Supramolecular chemistry 

•Advanced Nanomaterials 

•Metal Hydrides, Organometallic Chemistry 

Research profile of SCBC 
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