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a b s t r a c t 

We have synthesized 3 benzothiazole crystals ( 1–3 ) based on existing knowledge of combining flexibility 

and optical properties towards achieving applications for flexible optoelectronics. However, one crystal 

was found to be elastically bendable and was found to comply necessary packing features for elasticity. 

Other two crystals do not obey packing features for elasticity hence they are brittle in nature. Further, 

Hirshfeld analysis illustrates that elastic crystal 1 possess more number of weak and dispersive interac- 

tions compared to other crystals. These interactions were instrumental in invoking elasticity. Moreover, 

crystals 1–3 were found to be fluorescent as well at specific excitation wavelengths. Therefore, among 

these crystals, particularly crystal 1 is considered as more promising candidate for flexible optoelectron- 

ics. 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

Nowadays, Flexible crystals have been a frequently researched 

opic among the scientific communities owing to its promising 

pplications in flexible optoelectronics [ 1 , 2 ], optical waveguides 

3–5] , sensors, flexible OLEDs etc. By systematic incorporation of 

ptical properties with flexibility make some of the crystalline ma- 

erials suitable candidates for flexible optoelectronics. There are 

everal reports of flexible crystals such as elastically bendable 

6–8] , plastically bendable [9–11] and helically twisted [12] and so 

n. Each type of flexibility is associated with certain set of crys- 

al packing features along with presence of weak interactions such 

s halogen bonding, hydrogen bonding etc. [13–16] . In general, 

lastic bending of crystals are associated with criss-cross pack- 

ng in isotropic structure and presence of weak and dispersive 

nteractions so called strain buffer or interaction buffer interac- 

ions [ 17 , 18 ]. In order to combine flexibility with optical properties

uitable π conjugated molecules having reasonably good light ab- 

orbing or bright fluorescence can be chosen. Substituents of the 

olecule can be fine-tuned in order to meet requisite criteria for 

lasticity. Further, π conjugated molecules have tendency to form 
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lip stacked assembly in dense state due to π•••π interactions. 

hile stacked assembly of the molecules can give rise to enhanced 

uorescence in solid state due to J-aggregates the substituents in 

he periphery develop noncovalent interactions necessary for flexi- 

le behavior. Hence, crystal engineering can be gainfully employed 

o design property based molecular crystals. Very recently, several 

eports of fluorescent elastic organic crystals as optical waveguides 

re known. For instance, Naumov et al. have shown in their re- 

ent reports the dual-mode light transduction in optical waveg- 

ides by using elastic flexible organic crystals [4] . Hayashi et al. 

xhibited the role of elastic organic crystals comprising of fluo- 

escent π-conjugated molecules in mechanofluorochromism and 

ptical waveguides [5] . Zhang et al. showed optical waveguiding 

rganic single crystals exhibiting physical and chemical bending 

eatures. However, some appropriate substituents may be intro- 

uced at particular positions in order to fine tune the molecules 

nd should be apparently impervious to packing modes of crys- 

als. Therefore, perfect compatibility should be carefully taken into 

onsideration for designing of multiple stimuli responsive organic 

ending crystals [19] . Recently, we have showed how micromanip- 

lation of organic crystals can led to microwaveguides [20] . Mi- 

romanipulation of flexible molecular crystals necessitates usage 

n miniature devices. Therefore, the single organic crystal that can 

ithstand high mechanical flexibility similar to soft materials such 

s elastomers, thin films, and polymers can be of prime importance 

https://doi.org/10.1016/j.molstruc.2021.130765
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Fig. 1. Synthesized Crystals 1, 2 and 3 . 
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or the design of future smart materials [21] . So far, the reports 

n plasticity and elasticity of molecular crystals have been revolv- 

ng around the supramolecular synthons like: (1) polyhalogenated 

-benzylideneanilines [22] , (2) ester spacer based molecules, (3) 

rganic co-crystals [12] , (4) naphthalene diimides derivatives, (5) 

hiophenyl, (6) tetrafluoropyridyl based π-conjugated derivatives 

7) vanillin derivatives [23] , (8) pyrimidine [24] , (9) terephthala- 

ide (10) trisubstituted haloimidazoles, (11), fluorobenzoic acid 

erivative etc. and formation of these derivatives involved sub- 

titution of halogens or tedious synthetic routes. Benzothiazole is 

ell known compound for its optical properties as it is used as 

 flurophore extensively and also as ligands for co-ordinating to- 

ards metals like Iridium, Platinum etc. and studied for the in- 

eractions in biological systems [ 17 , 25–28 ]. Herein, we have syn- 

hesized three halogen substituted benzothiazole crystals based on 

xisting knowledge of combining flexibility with optical proper- 

ies. However, we obtained one elastically bendable crystal 1 while 

ther two were brittle in nature. Structure-property correlation 

tudy was done extensively. Crystal 1 was found to comply with 

ecessary packing features for elasticity whereas 2 and 3 do not 

bey and hence are brittle in nature ( Fig. 1 ). 

. Experimental section 

.1. Materials 

2-Amino-4-Chloro benzenethiol, 4-Chloro benzaldehyde, 4- 

yridine carboxaladehyde, 4–methoxy salicylaldehyde were pur- 

hased from TCI, Alfa Aesar and used for synthesizing the required 

olecules and recrystallized in different solvents. Commercially 

vailable solvents were used as received without further purifica- 

ion. 

.2. Synthesis of benzothiazole derivatives 

A series of crystals were synthesized by charging a vari- 

ty of halogen substituted aldehyde (1.5 mmol), 2- amino-4- 

hlorobenzenethiol (1.25 mmol), and DMSO (5 ml) in a round bot- 

om flask and stirred for minimum of 6 h at 60 °C. Reaction was

onitored by TLC. After the reaction water (50 ml) was charged 

nd extracted with ethyl acetate for three times. The combined or- 

anic layer was distilled under vacuum to get crude product. It was 

urified by crystallization with acetone, methanol, ethanol and a 

ariety of solvents. 
2 
.3. Single crystal preparation 

Some amount of synthesized substituted benzothiazole com- 

ounds are dissolved in minimum amount of solvents (different 

olvents such as ethanol, methanol, acetone, chloroform etc.) and 

ept for crystallization in slow evaporation method in small coni- 

al flask. Long, good diffraction quality crystals were obtained after 

–5 days. 

.4. Powder X-ray diffraction 

The PXRD patterns were collected on a Bruker (D8 Advance) 

iffractometer with a Cu K α radiation (1.540 Å). The tube volt- 

ge and amperage were set at 40 kV and 50 mA respectively. Each 

owder sample was scanned between 5 and 50 ° 2 θ with a step 

ize of 0.02 ° (Figure S1-S3). The instrument was previously cali- 

rated using a silicon standard. 

.5. Single crystal X-ray crystallography 

Single crystal X-ray diffraction data were collected using a 

igaku XtaLABmini X-ray diffractometer equipped with Mercury 

CD detector with graphite monochromated Mo-K α radiation 

 λ = 0.71073 Å) using ω scans. The crystal structures were solved 

y using ShelXT [29] and were refined using ShelXL97 [30] through 

lex2 suite [31] . All the hydrogen atoms were geometrically fixed 

nd refined using the riding model. Multi-scan method was em- 

loyed for absorption correction. 

.6. Melting point 

Melting points of the synthesized crystals were measured using 

 Digital Melting point apparatus VEEGO (Model: VMP-PM). 

.7. Differential scanning calorimetry (DSC) 

DSC experiments were conducted on a Netzsch Polyma 214 in- 

trument by taking accurately weighed samples (2–3 mg) in a 

ealed aluminum crucibles having a pin hole on lid and scanned 

rom 30 °C to 300 °C at a heating rate of 10 °C/min under a dry

itrogen atmosphere (flow rate 100 mL/min). 

.8. TGA/DTA studies 

TGA/DTA studies were done on a Netzsch STA Regulus2500 by 

oading a small amount of sample in an alumina crucible and 
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Fig. 2. Snapshot of the bendable cycles of Crystal 1 . 
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canned from 30 °C to 600 °C at a heating rate of 20 °C/min under

 dry nitrogen atmosphere (flow rate 100 mL/min) (Figure S10). 

.9. UV- Visible Spectrometry (UV–Vis) 

Solution state UV–Vis absorption spectra of the crystals were 

one by dissolving it in dimethyl sulfoxide (DMSO). These were 

ecorded by Agilent Cary 50 0 0 spectrophotometer. The absorption 

axima ( λmax ) for Crystal 1, 2 and 3 were found out to be 307 nm,

51 nm and 297 nm respectively. 

.10. IR spectroscopy 

Transmission infrared spectra of the solids were obtained using 

 Fourier–transform infrared spectrometer (Schimadzu IR Tracer- 

00 in KBr method. An averaging of 2000 scans was collected at 

 cm 

−1 resolution for each sample and the spectra were measured 

ver the range of 40 0 0–50 0 cm 

−1 . 

.11. Fluorescence microscopy study 

Some crystals were checked under LEICA DM6B fluorescence 

icroscope to capture optical images. This was checked with dif- 

erent ranges of excitation wavelengths and these were found to 

e fluorescent (Figures S7-S9, ESI). 

. Results and discussion 

Crystals of 1 were grown from methanol solvent as long acic- 

lar crystals (Dimension approx. 10 mm × 0.09 mm × 0.074 mm) 

aving triclinic space group P ̄1 . The crystals were found to be elas- 

ically bendable when pressure is applied from any of the side 

aces. When the long needle crystal of 1 was held with forceps and 

ressure was applied from opposite sides with needle the crystal 

an be quickly bent and regains original shape upon pressure re- 

raction. With increasing applied pressure it shows propensity to 

end further and eventually half loop can be constructed as shown 

n Fig. 2 . This bending is under the elastic limit and when the pres-

ure exceeds limit it ultimately breaks down. The process can be 

epeated several times reflecting reversible and non-fatigue elastic 

endability as it is evident from snapshots in Fig. 2 . (Supporting 

ideo) 

In order to establish structure-property correlation face index- 

ng was performed for the crystal. It has been noted bendable side 

aces are assigned as (011/0 ̄1 ̄1 ) and (0 ̄1 1/01 ̄1 ) (Fig. S6, ESI). Crystal

acking analysis shows two molecules form dimeric motif via C–

 

•••O (2.992 Å) interactions. Further dimeric motifs are connected 

y C–H 

•••Cl (3.087 Å) and Cl •••S (3.598 Å) to form zigzag tapes.

ithin the tape there is presence of type II Cl •••Cl (3.996 Å) which

lays sustainability within the tape. Neighbouring tapes are con- 

ected by mainly two interactions Cl •••S (3.766 Å) and C–H 

•••Cl 

3.233 Å, 3.22 Å) to form corrugated network. Criss-cross packing 

iew is clearly evident from (011) and (0 ̄1 1) side faces ( Fig. 3 ).

rom packing analysis it is quite clear that the crystal possess req- 

isite criteria for elastic bending, i) absence of slip planes with 

sotropic criss-cross packing and ii) presence of multiple weak and 

ispersive interactions such as Cl •••Cl, Cl •••S, C–H 

•••Cl and C–

 

•••O etc. These restorative interactions play significant role in 
3 
mparting elasticity. The bonds can be broken or reformed easily 

hereby invoking spring-like motion of the molecules with respect 

o their thermodynamic positions. When the pressure gets released 

he molecules come back to their original thermodynamic position 

endering elasticity [ 13 , 14 , 16 ]. In bent state in outer arc molecules

ets stretched out while in inner arc molecules gets compressed 

eaving interfacial angle same during bending. As a result outer arc 

ncreases and inner arc compresses to same extent [ 17 , 18 , 21 , 22 ].

olecules located in middle arc do not change their mean position 

nvariably. When the applied stress exceeds the threshold limit the 

rystal breaks. However, broken parts retain elasticity owing to in- 

rinsic crystal packing. Elastic strain was estimated from the bent 

rystal and was found to be approximately ~ 3% ( Fig. 3 a and Fig.

5, ESI). 

Crystals of 2 were grown from methanol solvents as plate 

haped crystals (Dimension approx. 0.5 mm × 0.05 mm × 0.5 mm) 

n monoclinic space group P 2 1 / c . 4-Methoxy salicylaldehyde and 4–

hloro-2-amino thiols were used as precursor materials for synthe- 

izing benzothiazole compounds of 2 . In crystals of 2 , in individual 

olecule both benzothiazole ring and aromatic rings are coplanar 

ith respect to C–C (C7–C8) bond. Total six molecules are intercon- 

ected via Cl •••Cl (3.467 Å) and C–H 

•••O (2.706 Å) interactions to 

orm ring motif R 4 
4 (54) ( Fig. 4 ). Also two molecules are separately 

onnected via C–H 

•••O (2.588 Å) interaction to form dimeric motif 

 2 
2 (16). Further dimeric motifs are connected to another R 4 

4 (54) 

ing motif. Hence, this leads to interconnected network packing 

ith absence of slip planes [ 17 , 18 ]. 

As the crystal do not comply necessary packing features such 

s criss-cross packing and presence of weak and dispersive interac- 

ions they are brittle in nature. Moreover, the interactions are less 

ariant in nature (C–H 

•••O and Cl •••Cl) compared to interactions 

n crystal 1 . Packing clearly shows absence of slip plane or criss- 

ross arrangement of molecules in lattice considered as prerequi- 

ite criteria for slippage or elastic flexibility ( Fig. 5 ). The relatively 

obust interactions in the lattice do not facilitate easy breaking or 

eformation of weak interactions under applied stress. Hence, over- 

ll crystal packing and noncovalent interactions are not enough to 

ndow elasticity in crystals of 2 . Therefore, the crystals are not 

ompliant in nature similar in line of 1 [13–18] . 

Crystals of 3 were grown as long needles (Dimension approx. 

 mm × 0.08 mm × 0.12 mm) from methanol, ethanol etc. The 

rystals were grown in monoclinic P 2 1 / c space group. Molecules 

re connected mainly by C–H 

•••S (3.032 Å), C–H 

•••N (2.962 Å) 

nd C–H 

•••π (2.895 Å) to form zigzag tape along b axis. Further, 

eighboring tapes are connected via type I Cl •••Cl (3.434 Å) and 

–H 

•••N (2.797 Å) to form corrugated sheet in bc plane. Overall 

tructure is isotropic and corrugated pattern is clearly visible from 

ide faces along b and c axes ( Fig. 6 ). Crystals do not comply pack-

ng feature similar to 1 and hence are brittle in nature (Fig. S4, ESI). 

esser number of weak and dispersive interactions such as Cl •••Cl 

nteractions and presence of relatively stronger interactions such as 

–H 

•••S hinders spring like motion of the molecules under applied 

tress [ 17 , 18 ]. 

Hirshfeld analysis can be used to define space of the molecule 

nd gives some insights of the type and number of noncovalent 

nteractions present in them. The marked white area indicates the 

rea of separation between neighbouring atoms equivalent to sum 
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Fig. 3. (a) Crystal of 1 can be bent into half loop. (b) Crystal packing view perpendicular to (011), (0–11) and (100) faces. Criss-cross packing view is clearly evident from 

bendable side faces. 

Fig. 4. Crystal packing of 2 shows ring motifs R 4 
4 (54) and R 2 

2 (16). 
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Table 1 

Crystallographic Information Table. 

Compounds 1 2 3 

Formula C 13 H 7 Cl 2 NS C 14 H 10 ClNO 2 S C 12 H 7 ClN 2 S 

Formula weight 280.17 291.74 246.7 

T/K 298.0 298.0 298.0 

Crystal system Triclinic Monoclinic Monoclinic 

Space group P 1̄ P 2 1 / c P 2 1 / c 

a / ̊A 3.8994(9) 14.1643(10) 3.9298(3) 

b / ̊A 15.242(3) 5.8445(3) 11.6031(8) 

c / ̊A 23.426(8) 15.3897(11) 23.5663(18) 

α/ o 86.67(3) 90 90 

β/ o 89.72(2) 94.022(6) 90.921(15) 

γ / o 84.376(19) 90 90 

Volume/ ̊A 3 1383.3(6) 1270.87(14) 1074.43(14) 

Z 2 4 4 

ρ , Mg.cm 

–3 1.345 1.525 1.525 

μ /mm 

−1 0.596 0.460 0.518 

Reflections collected 10,152 7182 12,412 

Independent Reflections 4837 4203 3518 

R int 0.0454 0.0216 0.0332 

GOF 0.985 1.032 0.924 

Final R[ I > 2 σ ] 0.0596 0.0453 0.0457 

R 1 / wR 2 0.1272 0.1089 0.1045 

CCDC Number. 2,033,995 1,987,126 1,987,127 

a

n

f van der Waal’s radii and can be estimated by H 

•••H interactions. 

lue regions indicate no interaction between neighbouring atoms 

ecause of their wide separation from each other. Red and blue 

egion in the shape index represent the surface area surrounding 

cceptor and donor atoms in the molecule. C 

•••C contacts denote 
•••π distance between consecutive molecules. From Hirshfeld 

urface analysis it is quite evident that crystal 2 and 3 lacks sev- 

ral weak and dispersive interactions compared to 1 . From relative 

ercentage composition of weak interactions it is clear that crystal 

 possess more number of interactions resulting an important role 

n rendering elasticity ( Fig. 7 ). As weak and dispersive interactions 

ct as “strain buffer” interactions, numbers as well as strength 

f these interactions play as decisive factor in invoking elasticity. 

ore number of relatively weaker interactions in 1 can be bro- 

en or reformed easily allowing easy movement of molecules un- 

er applied stress. Hence, number and type of weak interactions 

lay significant role in deciding elastic bending behavior ( Table 1 

nd Fig. 8 ). 

.2. Thermal analysis 

.2.1. Diffrential scanning calorimetry 

A detailed DSC experiments were carried out of all the above 

rystals to study their thermal behavior. Crystals ( 1–3 ) are show- 

ng characteristic melting endotherms and their melting points are 

abulated below ( Table 2 ). The melting transition temperatures of 
4 
ll the crystals were different from either of the individual compo- 

ents confirming the formation of new phase. Further, the absence 



N.P. Thekkeppat, L. Singla, S. Tothadi et al. Journal of Molecular Structure 1243 (2021) 130765 

Fig. 5. Crystal packing view of 2 along a axis (a), b axis (b) and c axis (c). 

Fig. 6. Crystal packing view of 3 along a axis (a), b axis (b) and c axis (c). 

5 
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Fig. 7. (a) and (b) Hirshfeld surface analysis and percentage contributions of interactions in crystal 1 . (c) and (d) Hirshfeld surface analysis and percentage contributions of 

interactions in crystal 2 . (e) and (f) Hirshfeld surface analysis and percentage contributions of interactions in crystal 3 . 

o

d

T

t

3

p

f any other endotherm excludes the formation of solvate or hy- 

rate. Also there is no phase transition during course of heating. 

he thermogram shows the stability of the crystal and points out 

here is no weight loss upto melting of each form ( Fig. 9 ). 
m

6 
.3. FTIR analysis 

Powdered samples were examined for FTIR spectrum using KBr 

ellet where the sample is mixed thoroughly with KBr powder and 

ade as a pellet and analysis were done. Fig. 10 a shows FTIR spec- 
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Fig. 8. Number of inter molecular interactions (close contacts) are more in 1 (a) compare to 2 (b) and 3 (c). 

Table 2 

Melting points of the resultant 

crystals. 

Crystal Melting Point ( °C) 

1 155.9 

2 228.8 

3 182.8 

t  

p

b

a  

v

s

e

m

i

C

b

i

c

a

w

s

t

t  

s

i

C

t

Fig. 9. The endotherm of the DSC corresponds to the melting of the respective crys- 

tals (1–3) . 

Table 3 

FTIR frequency table. 

1 2 3 

C-H stretching 1872 1881 1732 

C = N 1646 1646 1652 

C-S 623 643 633 

C –Cl 831 808 820 

O-H – 3425 –

O 

–CH 3 strectching – 1203 –
rum for crystals from 40 0 0 to 20 0 0 cm 

−1 . In Crystal 2 , a broad

eak around region of 3200 cm 

−1 confirms the presence of –OH 

ond. Fig. 10 b for crystal 1 shows aromatic C–H stretching peak 

ppears at 2980 cm 

−1 as a sharp peak with high intensity, C = C

ibrational mode appears at 1434 cm 

−1 as sharp peak and C–C 

tretching frequency comes at around 1092 cm 

−1 . There is a pres- 

nce of C–S stretching vibrational mode at 623 cm 

−1 and C = N 

ode at 1646 cm 

−1 . Halogen substitution gives the C–Cl stretch- 

ng peak at 831 cm 

−1 . This shows sharp characteristic peak of O–

H 3 stretching mode at 1203 cm 

−1 for crystal 2 . Aromatic C–H 

ond stretching vibrational mode is showing a high intense peak 

n 1881 cm 

−1 . C = C stretching vibrational mode appears at 1433 

m 

−1 and C–C stretching mode comes around 1200 cm 

−1 . There is 

 presence of C–S stretching vibrational mode at 643 cm 

−1 and a 

eak intense peak corresponding to C = N at 1646 cm 

−1 . Halogen 

ubstitution gives the C–Cl stretching peak at 808 cm 

−1 . Similarly 

his is also evident for crystal 3 . Aromatic C–H stretching vibra- 

ional mode appears as high intense peak in 2900 cm 

−1 and C = C

tretching vibrational mode appears at 1436 cm 

−1 . Here also there 

s a presence of C–S stretching vibrational mode at 633 cm 

−1 and 

 = N weak intense peak at 1652 cm 

−1 . Halogen substitution gives 

he C–Cl stretching peak at 820 cm 

−1 [ 32 , 33 , 34 ] ( Table 3 ). 
7 



N.P. Thekkeppat, L. Singla, S. Tothadi et al. Journal of Molecular Structure 1243 (2021) 130765 

Fig. 10. The FT-IR spectrum of Crystal (a) 40 0 0 to 20 0 0cm 

−1 and (b) 20 0 0 to 400cm 

−1 . 
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. Conclusion 

We have synthesized three halogen substituted benzothiazole 

rystals based on existing knowledge of combining flexibility with 

ptical properties. However, we got one elastically bendable crystal 

 while other two were brittle in nature. Structure-property corre- 

ation study shows crystal 1 was found to comply with necessary 

acking features for elasticity whereas 2 and 3 do not comply and 

ence are brittle in nature. Furthermore, Hirshfeld analysis reflects 

he fact that more number of weak and dispersive interactions in 

rystal 1 is instrumental in pertaining elasticity. Thermal and FTIR 

nalysis were done extensively. 

redit author statement 

Dr. Soumyajit Ghosh the corresponding author designed the 

ork and analysed the results obtained from several experiments 

nd wrote the manuscript. 

Mr. Nipun P Thekkeppat has performed all the experiments 

ncluding synthesis of benzothiazole compounds, characterization 

nd analysis. 

Dr. Priyadip Das helps to interpret few experimental observa- 

ions including UV–VIS studies. 

Dr. Angshuman Roy Choudhury, Ms. Labhini Singla and Dr. Srinu 

othadi have helped in getting crystal structure solutions and face 

ndexing images. 

eclaration of Competing Interest 

The authors declare that they have no known competing finan- 

ial interests or personal relationships that could have appeared to 

nfluence the work reported in this paper. 

The authors declare the following financial interests/personal 

elationships which may be considered as potential competing in- 

erests: 

The authors declare that they have no known competing finan- 

ial interests or personal relationships that could have appeared to 

nfluence the work reported in this paper. 
8 
cknowledgment 

S. G. thanks Science and Engineering Research Board, Depart- 

ent of Science and Technology, Government of India for Core Re- 

earch Grant (File No: CRG/2020/0 0 0885 ). N. P. T. thanks SRM In-

titute of Science and Technology for fellowship. S. T. thanks CSIR- 

RDG for award of senior research associateship under scientist 

ools scheme of CSIR (Pool No. 9119-A ). L. S. thanks IISER Mo- 

ali for research fellowship (SRF) and A. R. C. thanks IISER Mohali 

or providing access to the departmental XtaLabmini X-ray diffrac- 

ometer. 

upplementary materials 

Supplementary material associated with this article can be 

ound, in the online version, at doi: 10.1016/j.molstruc.2021.130765 . 

eference 

[1] A.L. Briseno , R.J. Tseng , M.M. Ling , E.H.L. Falcao , Y. Yang , F. Wudl , Z. Bao ,

High-performance organic single-crystal transistors on flexible substrates, Adv. 
Mater. 18 (17) (2006) 2320–2324 . 

[2] E.C.W. Ou , L. Hu , G.C.R. Raymond , O.K. Soo , J. Pan , Z. Zheng , Y. Park , D. Hecht ,
G. Irvin , P. Drzaic , G. Gruner , Surface-modified nanotube anodes for high per-

formance organic light-emitting diode, ACS Nano 3 (8) (2009) 2258–2264 . 
[3] H. Liu , Z. Lu , Z. Zhang , Y. Wang , H. Zhang , Highly elastic organic crystals for

flexible optical waveguides, Angew. Chem. Int. Ed. 57 (28) (2018) 8448–8452 . 

[4] L. Catalano , D.P. Karothu , S. Schramm , E. Ahmed , R. Rezgui , T.J. Barber , A. Fa-
mulari , P. Naumov , Dual-mode light transduction through a plastically bend- 

able organic crystal as an optical waveguide, Angew. Chem. Int. Ed. 57 (52) 
(2018) 17254–17258 . 

[5] S. Hayashi , S.-y. Yamamoto , D. Takeuchi , Y. Ie , K. Takagi , Creating elastic organic
crystals of π-conjugated molecules with bending mechanofluorochromism and 

flexible optical waveguide, Angew. Chem. Int. Ed. 57 (52) (2018) 17002–17008 . 

[6] S. Saha , G.R. Desiraju , σ -hole and π-hole synthon mimicry in third-genera- 
tion crystal engineering: design of elastic crystals, Chem. Eur. J. 23 (20) (2017) 

4 936–4 943 . 
[7] S. Hayashi , A. Asano , N. Kamiya , Y. Yokomori , T. Maeda , T. Koizumi ,

Fluorescent organic single crystals with elastic bending flexibility: 
1,4-bis(thien-2-yl)-2,3,5,6-tetrafluorobenzene derivatives, Sci. Rep. 7 (1) 

(2017) 9453 . 
[8] A.K. Saini , K. Natarajan , S.M. Mobin , A new multitalented azine ligand: elas-

tic bending, single-crystal-to-single-crystal transformation and a fluorescence 

turn-on Al(iii) sensor, Chem. Commun. 53 (71) (2017) 9870–9873 . 
[9] U.B.R. Khandavilli , M. Yousuf , B.E. Schaller , R.R.E. Steendam , L. Keshavarz ,

P. McArdle , P.J. Frawley , Plastically bendable pregabalin multi-component sys- 
tems with improved tabletability and compressibility, CrystEngComm 22 (3) 

(2020) 412–415 . 

https://doi.org/10.13039/501100009981
https://doi.org/10.13039/501100012323
https://doi.org/10.1016/j.molstruc.2021.130765
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0001
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0001
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0001
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0001
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0001
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0001
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0001
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0001
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0002
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0002
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0002
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0002
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0002
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0002
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0002
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0002
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0002
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0002
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0002
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0002
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0003
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0003
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0003
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0003
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0003
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0003
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0004
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0004
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0004
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0004
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0004
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0004
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0004
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0004
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0004
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0005
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0005
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0005
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0005
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0005
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0005
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0006
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0006
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0006
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0007
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0007
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0007
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0007
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0007
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0007
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0007
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0008
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0008
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0008
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0008
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0009
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0009
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0009
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0009
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0009
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0009
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0009
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0009


N.P. Thekkeppat, L. Singla, S. Tothadi et al. Journal of Molecular Structure 1243 (2021) 130765 

 

 

[

 

 

 

 

 

 

 

[  

[  

[  

[  

[  

[  

[

[

[  

[

[

[  

[  

[  

[

[10] S.P. Thomas , M.W. Shi , G.A. Koutsantonis , D. Jayatilaka , A.J. Edwards ,
M.A. Spackman , The elusive structural origin of plastic bending in dimethyl 

sulfone crystals with Quasi-isotropic crystal packing, Angew. Chem. Int. Ed. 56 
(29) (2017) 8468–8472 . 

[11] M.K. Panda , S. Ghosh , N. Yasuda , T. Moriwaki , G.D. Mukherjee , C.M. Reddy ,
P. Naumov , Spatially resolved analysis of short-range structure perturbations 

in a plastically bent molecular crystal, Nat. Chem. 7 (1) (2015) 65–72 . 
12] S. Saha , G.R. Desiraju , Crystal engineering of hand-twisted helical crystals, J. 

Am. Chem. Soc. 139 (5) (2017) 1975–1983 . 

[13] S. Saha , M.K. Mishra , C.M. Reddy , G.R. Desiraju , From molecules to interactions
to crystal engineering: mechanical properties of organic solids, Acc. Chem. Res. 

51 (11) (2018) 2957–2967 . 
[14] A. Mukherjee , G.R. Desiraju , Halogen bonds in some dihalogenated phenols: 

applications to crystal engineering, IUCrJ 1 (1) (2014) 49–60 . 
[15] A. Mukherjee , S. Tothadi , G.R. Desiraju , Halogen bonds in crystal engineering:

like hydrogen bonds yet different, Acc. Chem. Res. 47 (8) (2014) 2514–2524 . 

[16] M.K. Mishra , S.B. Kadambi , U. Ramamurty , S. Ghosh , Elastic flexibility tuning
via interaction factor modulation in molecular crystals, Chem. Commun. 54 

(65) (2018) 9047–9050 . 
[17] N.P. Thekkeppat , M. Lakshmipathi , A.S. Jalilov , P. Das , A.M.P. Peedikakkal ,

S. Ghosh , Combining optical properties with flexibility in halogen-substituted 
benzothiazole crystals, Cryst. Growth Des. 20 (6) (2020) 3937–3943 . 

[18] R. Chinnasamy , A. Arul , A. AlMousa , M.S.R.N. Kiran , P. Das , A.S. Jalilov ,

A.M.P. Peedikakkal , S. Ghosh , Structure property correlation of a series of halo-
genated schiff base crystals and understanding of the molecular basis through 

nanoindentation, Cryst. Growth Des. 19 (11) (2019) 6698–6707 . 
[19] Z. Lu , Y. Zhang , H. Liu , K. Ye , W. Liu , H. Zhang , Optical waveguiding organic sin-

gle crystals exhibiting physical and chemical bending features, Angew. Chem. 
Int. Ed. 59 (11) (2020) 4299–4303 . 

20] M. Annadhasan , D.P. Karothu , R. Chinnasamy , L. Catalano , E. Ahmed , S. Ghosh ,

P. Naumov , R. Chandrasekar , Micromanipulation of Mechanically Compliant Or- 
ganic Single-Crystal Optical Microwaveguides, Angew. Chem. Int. Ed. 59 (33) 

(2020) 13821–13830 . 
21] S. Ghosh , M.K. Mishra , Elastic molecular crystals: from serendipity to design to

applications, Cryst. Growth Des. 21 (4) (2021) 2566–2580 . 
22] S. Ghosh , M.K. Mishra , S.B. Kadambi , U. Ramamurty , G.R. Desiraju , Designing

elastic organic crystals: highly flexible polyhalogenated N-Benzylideneanilines, 

Angew. Chem. Int. Ed. 54 (9) (2015) 2674–2678 . 
9 
23] G.R. Krishna , R. Devarapalli , G. Lal , C.M. Reddy , Mechanically flexible organic
crystals achieved by introducing weak interactions in structure: supramolecu- 

lar shape synthons, J. Am. Chem. Soc. 138 (41) (2016) 13561–13567 . 
24] A.C. Maahs , M.G. Ignacio , M. Ghazzali , D.V. Soldatov , K.E. Preuss , Chiral crystals

of an achiral molecule exhibit plastic bending and a crystal-to-crystal phase 
transition, Cryst. Growth Des. 17 (3) (2017) 1390–1395 . 

25] J.M. Cole , K.F. Bowes , I.P. Clark , K.S. Low , A. Zeidler , A.W. Parker , I.R. Laskar ,
T.M. Chen , Material profiling for photocrystallography: relating single-crystal 

photophysical and structural properties of luminescent bis-cyclometalated irid- 

ium-based complexes, Cryst. Growth Des. 13 (5) (2013) 1826–1837 . 
26] A.G. Dikundwar , G.K. Dutta , T.N. Guru Row , S. Patil , Polymorphism in opto–

electronic materials with a benzothiazole-fluorene core: a consequence of high 
conformational flexibility of π-conjugated backbone and alkyl side chains, 

Cryst. Growth Des. 11 (5) (2011) 1615–1622 . 
27] M. Pinto , I. Chakraborty , J. Martinez-Gonzalez , P. Mascharak , Synthesis 

and structures of photoactive rhenium carbonyl complexes derived from 

2-(pyridin-2-yl)-1,3-benzothiazole, 2-(quinolin-2-yl)-1,3-benzothiazole and 
1,10-phenanthroline, Acta Crysta. Sec. C 73 (11) (2017) 923–929 . 

28] J. Stenger-Smith , I. Chakraborty , S. Carrington , P. Mascharak , Synthesis and
structures of photoactive manganese-carbonyl complexes derived from 

2-(pyridin-2-yl)-1,3-benzothiazole and 2-(quinolin-2-yl)-1,3-benzothiazole, 
Acta Crysta. Sec. C 73 (4) (2017) 357–361 . 

29] G. Sheldrick , SHELXT - Integrated space-group and crystal-structure determi- 

nation, Acta Crysta. Sec. A 71 (1) (2015) 3–8 . 
30] G. Sheldrick , Crystal structure refinement with SHELXL, Acta Crysta. Sec. C 71 

(1) (2015) 3–8 . 
31] O.V. Dolomanov , L.J. Bourhis , R.J. Gildea , J.A.K. Howard , H. Puschmann , OLEX2:

a complete structure solution, refinement and analysis program, J. Appl. Crys- 
tallogr. 42 (2) (2009) 339–341 . 

32] A. Iwan , M. Palewicz , M. Krompiec , M. Grucela-Zajac , E. Schab-Balcerzak ,

A. Sikora , Synthesis, materials characterization and opto(electrical) properties 
of unsymmetrical azomethines with benzothiazole core, Spectrochim. Acta A 

97 (2012) 546–555 . 
33] O. Unsalan , H. Arı, C. Altunayar-Unsalan , K. Bolelli , M. Boyukata , I. Yalcin , FTIR,

Raman and DFT studies on 2-[4-(4- ethylbenzamido ) phenyl ]benzothiazole and 
2-[4-(4- nitrobenzamido ) phenyl ]benzothiazole supported by differential scan- 

ning calorimetry, J. Mol. Struct. 1218 (2020) 128454 . 

34] D. Romani , S.A. Brandán , Structural and spectroscopic studies of two 1, 3-ben- 
zothiazole tautomers with potential antimicrobial activity in different media. 

Prediction of their reactivities, Comput. Theor. Chem. (Theochem) 1061 (2015) 
89–99 . 

http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0010
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0010
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0010
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0010
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0010
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0010
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0010
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0011
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0011
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0011
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0011
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0011
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0011
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0011
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0011
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0012
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0012
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0012
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0013
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0013
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0013
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0013
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0013
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0014
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0014
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0014
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0015
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0015
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0015
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0015
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0016
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0016
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0016
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0016
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0016
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0017
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0017
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0017
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0017
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0017
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0017
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0017
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0018
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0018
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0018
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0018
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0018
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0018
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0018
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0018
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0018
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0019
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0019
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0019
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0019
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0019
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0019
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0019
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0020
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0020
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0020
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0020
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0020
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0020
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0020
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0020
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0020
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0021
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0021
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0021
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0022
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0022
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0022
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0022
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0022
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0022
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0023
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0023
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0023
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0023
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0023
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0024
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0024
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0024
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0024
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0024
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0024
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0025
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0025
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0025
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0025
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0025
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0025
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0025
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0025
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0025
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0026
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0026
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0026
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0026
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0026
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0027
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0027
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0027
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0027
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0027
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0028
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0028
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0028
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0028
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0028
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0029
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0029
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0030
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0030
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0031
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0031
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0031
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0031
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0031
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0031
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0032
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0032
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0032
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0032
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0032
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0032
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0032
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0033
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0033
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0033
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0033
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0033
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0033
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0033
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0034
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0034
http://refhub.elsevier.com/S0022-2860(21)00898-X/sbref0034

	Structure-property correlation of halogen substituted benzothiazole crystals
	1 Introduction
	2 Experimental section
	2.1 Materials
	2.2 Synthesis of benzothiazole derivatives
	2.3 Single crystal preparation
	2.4 Powder X-ray diffraction
	2.5 Single crystal X-ray crystallography
	2.6 Melting point
	2.7 Differential scanning calorimetry (DSC)
	2.8 TGA/DTA studies
	2.9 UV- Visible Spectrometry (UV-Vis)
	2.10 IR spectroscopy
	2.11 Fluorescence microscopy study

	3 Results and discussion
	3.2 Thermal analysis
	3.2.1 Diffrential scanning calorimetry

	3.3 FTIR analysis

	4 Conclusion
	Credit author statement
	Declaration of Competing Interest
	Acknowledgment
	Supplementary materials
	Reference


