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ABSTRACT  

Despite the fact that development of many pH indicators with different groups is quite 
challenging, many works have been take place. pH factor have a drastic influence on human 
beings. It has wide applications like biological imaging and environmental monitoring,so it is 
necessary to measure pH. Many pH indicators have been developed and synthesized based on 
water soluble BODIPY modified with various groups such as aldehydes, nitro, hydrazine, 
amines,Schiff bases,hydroxyl aryl etc. Herein, we are presenting numbers pH sensors for the 
detection of various H+ as well as OH- in living one which can measure pH in different states 
and combinations such as hypochlorite detection, Hg2+ and HSO4

- in aqueous media, nitric 
oxide and detection of pH in the real water samples. The pH sensors can also be used to 
measure pH in highly acidic conditions .These compounds show interesting properties such as 
spectral, optical, absorption and photo-physical properties and have high sensitivity and 
selectivity. 
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I. INTRODUCTION 
 

pH is the critical factor for environmental monitoring, medicinal purposes and 
industries. So many researchers work on the designing and synthesis of various types of 
fluorescent molecules based on fluorescein1, BODIPY, Porphyrin, Eosin 
Rhodamine2,Quinoline3, Naphthalimide4,5 and many more. Among all, BODIPY is an 
extensively studied and applicable molecule6-9. BODIPY based chromophores have outstanding 
photophysical properties in addition to operational ease, immense spatial and temporal 
resolution6. 

Different types of BODIPY based pH sensors are beautifully summarized in this 
review. Among all, carbon dots and hydroxyl based motifs are of very interesting due to their 
excellent photo-physical properties. Other motifs of special class are the aza BODIPY based pH 
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indicators. The spectral properties of aza-BODIPY indicators illustrate‘on-off’ fluorescence 
response which is reversible and leads to the de-protonation of the receptor.In addition, some 
BODIPY based pH sensors which have aldehyde group are discussed here to see the presence 
of Cys and Hcy, Hg2+, HSO4

-, HOCl, Fe3+ in addition tobiothiols. BODIPY based-schiff bases 
have beendesigned with specific sites are also included for sensing of a range of ions for 
example Hg2+,Au3+, Fe3+, Cu2+ and Pb2+ ions 
 
Different types of BODIPY based sensors are listed below: 

1.BODIPY based carbon dots 

BODIOY based fluorescent carbon dots (CD) are an excellent pH sensor due to its 
various significant properties such as good water solubility, high stability along with optical 
properties, etc.Urano et al. reported two carbon dots CD1 and CD2, were synthesized from 
BODIPY derivatives and these carbon dots are able to show pH dependent beahvior.10 As these 
carbon dots have good water solubility and high sensitivity, they can be applied to detect 
bacterial (E-coli cells) presence due to its extremely acidic pHpresence. It is the first carbon dots 
based pH sensor to detect extreme acidity. 

2.BODIPY based hydroxyaryl derivatives 

BODIPY dyes which have groups at position-8, like phenolic or naphtholic and with 
subunits on position 3 and 5 with various driving forces, were synthesized (Figure 1). In the 
presence of various solvents, absorption as well as fluorescence properties were determined. 
The identification of exceptional compounds wasdone with the help of absorption maxima and 
emission data.These dyes have absorption maxima in range of 570-580nm and fluorescent 
emission with highest intensity in range of 610-620nm which depend upon solvent.Its non-
destructive character along with high sensitivity and specificity provide them unique 
importance.13BODIPY dyes have severalimportant qualities such asvisible and high quantum 
yield with effective photo-stability and high absorption coefficients in addition to theirphoto-
excitable nature in the visible light, contracted emission band width with good peak intensity 
and structural modification11,12. The acidic,alkaline andclose to neutral pH range are sensed by 
phenolic as well as carboxy group. The charge transfer from phenolate to indacene acceptor 
attribute to the phenolates low emission intensity. Different dyes respond to pH changes in 
different ranges and have wide applications in environmental monitoring. 
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Figure 1. BODIPY based hydroxyl dyes (1.R1=H, 
R2=H;2.R1=H,R2=CH3;3.R1=H,R2=Cl;4.R1=H,R2=p-MeOPh;5.R1=Cl,R2=CH3) 

3.Aza-Bodipy Aromatic Amines 

Aromatic BODIPY amines which have aza-group can act as pH indicators. Some 
literature available in domain of aza- BODIPY based pH indicator dyes. These dyes have 
beenelaborated here in where BODIPY’s have hydroxy group functionalized an aryl substitutent 
at the meta-position (Figure 2). These new dyes14 have higher pka values as there is a separation 
between hydroxylligand present on aryl groupand the electron deficient center decorated with 
electron withdrawing groups and have pH in the range 7-13. When these dyes are in the on-
state, they have good quantum yield but in the off-state there is no detectable fluorescence. The 
pH of sea water matches the pH of the indicator which hastwo chlorine atoms in the ortho-
position. These different ranges of pH are suitable for the design of the materials of CO2 sensor. 
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Figure 2.Aza-BODIPY pH indicators (1. R1-R3 =H, R4 –R6 =OBu; 2.R1 =Cl, R2, R3 =H,R4 –R6 
=OBu; 3. R1, R2 =Cl, R3 =H, R4 –R6 =OMe; 4. R, R3 = F, R2 = H, R4 – R5 = OMe; 5. R1, R3 = 
H, R2 = OMe, R4 =OMe ,R5 =OBu , R6 =H) 

4. Polymeric multi-channel chemosensorsdeived from BODIPY for the sensing of Hg2+ 
as well as HSO4

- in aqueous media 

Studies have shown that Hg2+ and HSO4
- ions can be detected by synthesizing a 

random copolymer (A) which is water soluble and has N,N- dimethyl acrylamide20and BODIPY 
methacrylate segment with aldehyde terminated end via RAFT ( reversible- fragmentation chain 
transfer) polymerization (Figure 3). 

With “infield” measurement ability (A) can act as pH indicator with the help of dipstick 
approach. (B)can be used for the selective detection of Hg2+ and HSO4

- as it has high sensitivity 
and selectivity15-19towards both. The detection of Hg2+ and HSO4

- was possible because Hg2+ 
and HSO4

- are able to do hydrolysis of the imine group. 
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Figure 3.P(DMA-co-BODIPYMACHO) (A) copolymer which is RAFT-mediatedand in next 
step formation of polymeric probe B with better a water solubility  

5. Detection of hypochlorrous acid and imaging in living cells endogenous as well as 
exogenous ways by using highly sensitive fluorescent probes  

 
Two fluorescent probes34 Naph-1 and Naph-2 were developed based on intramolecular 

charge transfer (ICT) pattern (Figure 4). These probes are ultrasensitive probes bearing 
thiocarbamate ligand as a protecting for the fluoropore. Naph-1 and Naph-2 have high 
specificity towards HOCl. Napth-1 exhibits very strong fluorescent enhancement which is close 
to 4600 fold when it reacts with HOCl in aqueous medium. The mechanism of reaction is 
supported by various spectroscopic tools more specifically 1H NMR. These probes can also be 
used for imaging endogenous as well as exogenous HOCl in living cells. 
 

 
 
Figure 4. Synthesis of Naph-A and Naph-B 



 

 

 

  Sakshi Juneja 

 

  s 11 

 Emperor Journal of Education 

 

 
 
Figure 5.Synthesis of compounds 1, 2(a) and 2(b) 

6. BODIPY derived multi-anionic sensor as well as cationic sensor for detection of Fe3 

 

It was found that the BODIPY based phenylhydrazone substituted23 BODIPY 
(BODIPY-1) and 2,4-dinitrophenylhydrazone substituted BODIPY (BODIPY-2) can be 
synthesized when 3,5-diformyl BODIPY-322 is treated with phenylhydrazines in the presence of 
alcohol at refluxing temperature (Figure 5). Studies have shown that compound-1 is not able to 
detect anions but compound-2 will bind to anions such as H2PO4‾, F‾ and CH3COO‾ which 
was confirmed by1H NMR and optical techniques. In another window, BODIPY 2, is more 
specifically useful to detect Fe3+ ion in term of enhanced fluorescence. 
 
7. Colorimetric as well as fluorometric probes based BODIPY for Hg2+,Fe3+andAu3+ 

 

UV-Vis spectral analysis of BODIPY was used as a tool to detect Hg2+.24,25 As the 
function of time the alteration in the absorption of BODIPY dosimeter in water solution was 
determined (Figure 6).The absorption bands at 525nm shows a gradual decrease and absorption 
bands at 495nm shows a continuous increase, which suggest two species’s inter-conversion is 
attributed to free rotation of BODIPY-TRIA26and the Hg2+ ion-induced product formation, 
respectively. The plot is plotted between the ratio of absorption at 495/525 nm as the function 
of time. Dosimeter BODIPY-TRIA displayedspecific response analysis time for Fe3+ and Hg2+. 
The same results for the Au3+ can be recorded. A similar type of trend was observed for 
Fe3+.But, here two new points were determined at 314nm and 362nm which were not there in 
case of BODIPY-TRIA with Hg2+ and Au3+. In addition, no particular change was noticed with 
other tested metal cations.  Researcher have reported a unique BODIPY molecule based on 
Schiff base modification, that is aminophenol dosimeter BODIPY-TRIA for sensing Fe3+, Hg2+ 
and Au3+ ions in aqueous solution. Due to quenching phenomenon by ICT (intramolecular 
charge transfer) in addition to the non-radiative decay from -C=N isomerization and rotation, 
the dosimeter shows week fluoroscence. But, the ions like Hg2+, Fe3+ and Au3+promote the 
hydrolysis and block the ICT process when they were added in the process and result in 
significant fluorescence with great selectivity  and  sensitivity 
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For the detection of Hg2+ by BODIPY tria the absorption spectra was used.  Alteration of 
dosimeter BODIPY tria’s adsorption in water solution was determined as the function of time. 
The absorption bands at 525nm shows a gradual decrease and absorption bands at 495nm 
shows a continuous increase, which suggests two species are present at a time and 
interconversion the inter-conversion of two species which is attributed to the free BODIPY-
TRIA. 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6. Synthesis of BODIPY TRIA  

8. BODIPY dye conjugated with naphthalene for copper ion detection 
 

The heavy metal’s detection26,27is very significant for biochemistry as well as for 
environmental medicinal chemistry. Fluorophore and metal ion combination is used for the 
detection of any external analytes based more specifically metal ion (Figure 7) 
Among all transition metals, Copper is the one of the most richest one present in human body. 
Therefore copper ion has important role in several processes in living organismsbecause of 
catalytic and oxidative properties.. Oxidative stress can be caused by excess of copper and may 
also cause Alzheimers, Parkinson and Menkans disease.BODIPY based naphthalene, i.e. dye 
based on N-BODIPY28was considered and its design and preparation was taken into account. 
N-BODIPY exhibit a selective as well as sensitive identification in the direction of Cu(II) ion as 
afluproscent antenna group in  aqueous media with respect to other metal cation. The color 
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change was observed due to the formation of complex and a fluorescence quenching beneath 
longwave light(365nm) 
 

As N-BODIPY have certain advantages like it has cheaper practical synthesis as well as 
high yieldthrough CH2 bridge unit but these units does not affect properties related with 
fluorescence as well as energy transfer. The BODIPY derivatives have many advantages like 
good ligand character of Schiff bases, metal trap etc. Cu(II) was effortlessly encapsulated by 
ligand because it has electron donating group and within a short period result was obtained. 
 

 
 
Figure 7.Synthetic procedure of N-BODIPY 

9.BODIPY-CLICKATE BASED Hg2+ SENSORS 
 

BODIPY based Hg2+ probes30have been explained here(Figure 8). To do synthesis click 
chemistry approach was used. As shown below, meso-substituted aromatic amine is the core 
point of reaction center to react with triazole and new fluorophore. Compound 2 is prepared 
from compound 1 under acidic conditions by treating it with excess amount of pyrrole and 
trifluoroacetic acid. Oxidation of compound 2 leads to the formation of compound 3after 
treating with trimethylamine and boron trifluoridediethyleetherate. Further the desired 
compound 4 was obtained on following refluxing reaction procedure in the presence of 
acetonitrile as well as sodium azide. 
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Figure 8. Synthetic route of synthesis of compounds. 

Photophysical properties were determined in different solvents and these compounds 
display absorption band in range of 490 to 500nm. The adsorption peak is due to S0-S1 
transition and had not been affected to a great extend because polarity of solvent 
 

II. CONCLUSION 

In this review article we have studied about different pH sensors which are able to 
detect variation of pH in aqueous as well as cellular states. These probes will be able to predict 
nature of given solution either acidic or basic and also able to predict various molecular changes 
feasible during the course of sensing phenomenon. Various modules have been discussed such 
as sensor only for H+/OH‾ or H+ along with metal ions or only metal ions. Different BODIPY 
based motifs have discussed to elaborate its utility to detect pH change in real water sample as 
well as find out presence of Fe3+,Hg2+,Au3+,copper ions and biothiols, etc. 
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