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Responsive mechanism of three novel hypochlorous acid fluorescent
probes and solvent effect on their sensing performance∗
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Optical properties and responsive mechanisms of three newly synthesized fluorescent probes for hypochlorous acid
(HOCl) are investigated by employing time-dependent density functional theory. The computational results show that the
absorption and emission properties of these probes change obviously when they react with hypochlorous acid. It is found
that the probe FHZ has the best performance according to the probing behavior. Moreover, the responsive mechanisms of the
probes are studied by analyzing the distributions of molecular orbitals and charge transfer, which are shown as the photon-
induced electron transfer (PET) for FHZ and the intramolecular charge transfer (ICT) for the other two probes. Specially,
solvent effect on optical properties of the probe FHZ before and after reaction is studied within the polarizable continuum
model (PCM). It is shown that performance of the probe depends crucially on the solvent polarity. Our computational results
agree well with the experimental measurement, and provide information for design of efficient two-photon fluorescent
probes.
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1. Introduction
Hypochlorous acid (HOCl), a weak unstable acid known

only in solution and in its salts, is an extremely potent oxidant,
widely known as a “killer” for pathogenic bacteria in the in-
nate immune system.[1] Meanwhile, intracellular HOCl plays
significant roles in regulating inflammation and cellular apop-
tosis, such as permeabilization in chondriosome[2] and break-
down in lysosome.[3] Due to the low concentration, strong
oxidization, and short life time of HOCl, it is quite difficult
to investigate intracellular HOCl directly. Therefore, lots of
attention have been paid on studying the mechanism of the
action of HOCl in the living organisms recently.[4,5] Fluo-
rescent probes have attracted much attention owing to their
highly sensitivity, good selectivity and fast response, they have
been recognized as one of the most powerful tools to monitor
and visualize molecules in chemical, biological, and environ-
mental applications.[6,7] Due to these outstanding advantages,
fluorescent probe is an ideal tool to detect HOCl. Actually,
many fluorescent probes have been synthesized in the past few
years.[8–14]

Recently, Lin et al.[15] synthesized the first two-photon
fluorescent probe for HOCl. Its mitochondria and lysosome
targetable derivatives were successfully applied to detect in-
tracellular HOCl in corresponding organelles. These probes
exhibit second level response, good selectivity, and nanomole

level sensitivity toward HOCl. Cell imaging experiments in-
dicate these probes display good cell penetration and localize
in living cells. In particular, imaging of macrophage cells dur-
ing inflammation conditions in a murine model also obtained
within two-photon excitation. They own a acedan as two-
photon fluorophore which has a typical “push–pull”structure.
Excited at 375 nm, the fluorescence intensity of these probes at
500 nm increased more than 600-fold when 20 equiv of HOCl
was added, which results from the recovery of “push-pull”
structure when the oxathiolane was deprotected by HOCl.
Zhang et al.[16] developed a novel HOCl fluorescent probe in
green emissions, providing the real-time discrimination and
quantitative analysis of the HOCl in living organisms. This
probe is constructed by introducing a rhodamine derivatives as
a fluorophore and grafting an additional five-membered hete-
rocyclic ring and a lateral triethylene glycol chain to a fluores-
cein mother, which turn off the fluorescence of fluorescein. It
emits markable green fluorescence at 520 nm excited at its ab-
sorption maximum of 490 nm, while its fluorescein-hydrazine
derivative is nonfluorescent. The probe exhibits a series of
remarkable features: the rapid, sensitive, and dynamic re-
sponses; the high biocompatibility of passing through vari-
ous biological barriers into cells, blood, organs, and tissues.
On the basis of these advantages, the distributions of spon-
taneous HOCl in the organs of a normal-state zebrafish are
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clearly revealed by the accumulation of probes there. There-
fore, the HOCl fluorescent probes synthesized by two experi-
mental groups are powerful tools in investigations of HOCl at
subcellular and tissue levels.

Even though they have several desirable features in the
experiment, theoretical analysis of the probes are not given,
and responsive mechanism is not pointed out in the experi-
mental reports. Moreover, sensing performances of the probes
in different solvents are not discussed. Therefore, in this paper,
we employ the density functional and response theory to de-
scribe properties of these probes. Based on the same theoreti-
cal method, we calculate optical properties of six molecules
in water, including the one-photon absorption (OPA), two-
photon absorption (TPA), and the emission properties. All
of our computational results are in reasonable agreement with
the experimental ones. Among these compounds, the most
promising fluorescent probe is selected. In addition, solvent
effect is investigated within the polarizable continuum model
(PCM). Our study is helpful for understanding responsive
mechanism of the fluorescent probes and the solvent influence.

2. Theoretical method and computational de-
tails
The expression of transition probability of one-photon ab-

sorption and emission between the ground state |g〉 and the
excited state is given by the oscillator strength[17]

fkg =
2ωkg

3 ∑
i

∣∣∣µkg
i

∣∣∣2, (1)

Where ωkg is excited energy of the state |k〉 and µi is the elec-
tric dipole moment operator in the direction, the summation is
performed over the molecular x, y, and z axes.

The TPA cross-section that can be directly compared with
the experimental results is defined as[18]

σtp =
4π2a5

0α

15c
ω2

Γf

g(ω)

n2 δtp, (2)

where a0 donates the Bohr radius, c is the speed of light, α

is the fine structure constant, ω is the photon frequency of
the incident light, and g(ω) denotes the spectrum line profile,
which is assumed to be a δ function here and Γf is the lifetime
broadening of the final state, which is commonly assumed to
be 0.1 eV.[19] δtp is the orientation average value of the two-
photon absorption probability[20,21]

δtp = ∑
αβ

[F×Sαα ×S∗
ββ

+G×Sαβ ×S∗
αβ

+ H×Sαβ ×S∗
βα

], (3)

where F , G, and H are coefficients depending on the polariza-
tion of the light. For the linearly polarized light, F , G, and H
are 2, 2, 2, and for the circular case, they are −2, 3, 3. In the

present letter, we only consider the case excited by a linearly
polarized monochromatic beam. Sαβ is the two-photon tran-
sition matrix element. For the absorption of two photons with
the frequence ω f , it can be written as[17]

Sαβ =
1

2h̄ ∑
n

[
〈0| µ̂α | n〉〈n| µ̂β

∣∣ f 〉
ωn0−ω1

+
〈0| µ̂β

∣∣ n〉〈n| µ̂α | f 〉
ωn0−ω2

]
, (4)

where ωn0 and ω1 denote the excitation frequency of the in-
termediate state |n〉 and final state | f 〉 respectively, α,β ∈
{x,y,z}. And the summation goes over all of the intermedi-
ate states including the ground state |0〉 and the final state | f 〉.

In this work, geometries of the studied molecules are fully
optimized at the time-dependent hybrid density functional
theory (TDDFT)/Becke’s three parametrized Lee–Yang–Parr
(B3LYP) level in Gaussian09 package.[22] Frequency calcula-
tions are performed to verify the stabilities of the optimized
structures at the same level. All calculations are implemented
in the Gaussian09 software package except for TPA properties
that are obtained in Dalton2013 package.[23] The basis set 6-
31G(d) is chosen for all studies. Furthermore, solvent effect
is taken into account within the polarizable continuum model
(PCM).

3. Results and discussion
3.1. Molecular structure

The researched molecular geometry is presented in Fig. 1.
For briefness, in the present article, the first mitochondria and
lysosome targetable HOCl two-photon fluorescent probes[15]

are named as Mol. 1 and Mol. 2, and their products with
hypochlorous acid are respectively labeled as Mol. 1+ and
Mol. 2+. It is expected that Mol. 1 & Mol. 2 are nonfluores-
cent due to break of the “push-pull” structure. However, the
reaction with HOCl, which unprotects the oxathiolane group
to reveal the ketone, would lead to fluorescence recovery. The
second kind of probe is labeled as the same name FHZ as one
given in the experiment.[16] The fluorescein-hydrazine deriva-
tive FHZ is nonfluorescent due to the disruption of conjugated
system of fluorophore and the decrease of electron delocaliza-
tion induced by the newly formed five-membered ring.

Based on the fully optimized geometry, frontier orbital
energies and energy gap (∆EH−L) between the highest oc-
cupied molecular orbital (HOMO) and the lowest unoccu-
pied molecular orbital (LUMO) are schematically shown in
Fig. 2. For the molecule Mol. 1+ (Mol. 2+), their HOMO and
LUMO energies move down compared with those of Mol. 1
(Mol. 2). It is noteworthy that the unoccupied molecular or-
bital of Mol. 1 (Mol. 1+) is more compacter than Mol. 2
(Mol. 2+). This can be attributed to their difference of terminal
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group. When FHZ reacting with hypochlorous acid, the en-
ergy of HOMO goes up and the energy of LUMO goes down,
leading to the narrower energy gap, which seems to make the
absorption process more likely to happen.

Mol. 1 Mol. 1+

Mol. 2

FHZ F-TEG

Mol. 2+

Fig. 1. The geometric structure of compounds.
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Fig. 2. Frontier orbital energies of the compounds.

3.2. One-photon absorption

Considering the fluorescent probe mainly works in living
cells and tissues that mostly composed of water, we thus in-
vestigate properties of the probes under water solvent. The
OPA properties of the compounds, including excitation en-
ergy, the corresponding OPA wavelengths, oscillator strengths,
and transition features are calculated. Only the states with the
largest oscillator strengths in the first five excited states are
listed. As shown in Table 1, absorption peaks of the com-
pounds Mol. 1 and Mol. 2 are located at 338 nm and 293 nm.
When they react with HOCl, Mol. 1+ shows an absorption
peak at 366 nm with oscillator strength of 0.43, and Mol. 2+
shows an absorption peak locating at 367 nm with oscillator
strength of 0.42. We can see that computational wavelengths
of both Mol. 1+ and Mol. 2+ agree well with the experimental
value of 375 nm. The maximum OPA peak of Mol. 1 (Mol. 2)
shows a redshift feature upon combing with HOCl, which is
well consistent with the experimental result in trend.

Table 1. One-photon absorption (OPA) properties in H2O, including the ex-
citation energy Eopa (eV), the corresponding wavelength λopa (nm), the os-
cillator strength δopa (a.u.) and transition feature. H (L) denotes the HOMO
(LUMO).

Mol. Eopa/eV λopa/nm λ a
opa/nm δopa/a.u. Transition feature

Mol. 1 3.67 338 0.10 H→L+3 91.6%

Mol. 1+ 3.39 366 375a 0.43 H→L 95.8%

Mol. 2 4.24 293 0.22 H→L+1 70.1%

Mol. 2+ 3.38 367 375a 0.42 H→L 95.7%

FHZ 5.28 235 0.26 H→L+2 38.5%

H→L+1 31.8%

F-TEG 2.98 416 488a 0.43 H→L 73.5%

a Experimental results taken from Refs. [15] and [16].

Table 1 also shows that absorption peak of the com-
pound. FHZ is located at 235 nm with oscillator strength of
0.26, which mainly originates from HOMO to LUMO+1 and
HOMO to LUMO+2. When reacting with HOCl, the prod-
uct F-TEG shows an absorption peak at 416 nm with oscilla-
tor strength of 0.43. This discrepancy with the experimental
wavelength of 488 nm may result from a few factors, such as
the vibrational contribution, the interaction between laser and
molecules.

3.3. Two-photon absorption

The two-photon absorption properties including excita-
tion energies, the corresponding two-photon wavelengths, and
cross sections of the lowest five excited states are listed in Ta-
ble 2. As shown in Table 2, the largest TPA cross section of
compounds Mol. 1, Mol. 2, and FHZ are 46 GM, (1 GM =
10−50 cm4·s/photon), 99 GM, and 49 GM, respectively, show-
ing an order of Mol. 2 > FHZ > Mol. 1. When they re-
act with hypochlorous acid, the respective values are 75 GM,
99 GM, and 659 GM, showing an order of F-TEG > Mol. 2+
> Mol. 1+. It is observed that the TPA cross section of the
probe F-TEG is significantly enhanced compared with that of
the probe FHZ, demonstrating the preferred performance of
this probe.

3.4. Fluorescent emission

According to the Kasha’s rule, the fluorescence occurs in
appreciable yield only from the first excited state to ground
state. Based on the fully optimized first excited state geome-
tries of the compounds, emission properties of these probes
and products, including emission energies, the corresponding
emission wavelengths, oscillator strengths, transition features,
and fluorescent lifetime in water are listed in Table 3. The
fluorescent lifetime is calculated by the Einstein theory of ra-
diation (in unit a.u.),

τ = c3/(2E2
fluδope). (5)

The emission peaks for the compounds Mol. 1, Mol. 2,
and FHZ are located at 624 nm, 404 nm, and 1241 nm with
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Table 2. Two-photon absorption (TPA) properties of the compounds in H2O, including the excitation energy Etpa (eV), the corresponding
two-photon wavelength λtpa (nm), and the TPA cross section σtpa (GM = 10−50 cm4·s/photon) of the five lowest excited states.

Mol Etpa/eV λtpa/nm σtpa/GM Mol Etpa/eV λtpa/nm σtpa/GM

Mol. 1 3.34 742 0 Mol. 1+ 3.39 731 25
3.52 704 4 3.46 717 5
3.56 696 0 3.65 680 75

750a 83a

3.67 676 0 3.69 672 16
4.00 620 46 3.81 652 6

Mol. 2 3.65 679 10 Mol. 2+ 3.38 824 13
4.24 585 0 3.73 665 99

750a 74a

4.42 561 99 3.80 653 19
4.63 535 4 3.83 647 0
4.79 517 27 4.40 563 5

FHZ 4.17 595 1 F-TEG 2.97 833 659
4.36 569 1 2.98 831 65
4.66 532 0 3.41 727 55
4.70 527 49 3.48 712 14
4.77 520 2 4.09 606 200

a Experimental results taken from Refs. [15] and [16].

Table 3. Fluorescent emission properties of the compounds in H2O, in-
cluding the emission energy Eflu (eV), the corresponding emission wave-
length λope (nm), the oscillator strength δope (a.u.) and fluorescent lifetime
τ (ns).

Mol Eflu/eV λope/nm λ a
ope/nm δope/a.u. Transition feature τ/ns

Mol. 1 1.99 624 0.00 H→L 99.4%
Mol. 1+ 2.96 419 500a 0.56 H→L 98.7% 4.70
Mol. 2 3.07 404 0.20 H→L 98.0% 12.24

Mol. 2+ 2.51 495 500a 0.35 H→L 99.2% 10.46
FHZ 1.00 1241 0.00 H→L 99.5%

F-TEG 2.32 535 520a 0.56 H→L 96.2% 7.66

a Experimental results taken from Refs. [15] and [16].

small oscillator strengthes of 0.00, 0.20, and 0.00, respec-
tively. These results are consistent with the experimental
measurement. After reaction with HOCl, the emission inten-
sity of Mol. 1+, Mol. 2+, and F-TEG are highly enlarged to
0.56, 0.35, 0.56, and the emission wavelengths are located at
419 nm, 495 nm, and 535 nm. Upon addition of HOCl, flu-
orescence enhancement is observed for all three fluorescent
probes, and the wavelength of Mol. 2 shows redshift, which is
in the same trend as the available experimental results.

Fluorescent lifetime is also an important factor for eval-
uating the probes. After reaction, Mol. 1+ has the shortest
emission lifetime of 4.70 ns, followed by F-TEG with emis-
sion lifetime of 7.66 ns and Mol. 2+ with emission lifetime
of 10.46 ns. The shorter fluorescent lifetime means stronger
emission intensity, while the too short fluorescent lifetime is
easy to cause the interference of excitation light. Therefore,
fluorescent probes with moderate fluorescent lifetime are the
best choice. Overall, we can make such a conclusion that FHZ
is the most suitable probe for detecting HOCl among the three
probes.

3.5. Responsive mechanism

The charge population of the fluorophore is of great im-
portance for deciding their optical properties. Thus, we ana-
lyze the mulliken population of the molecules Mol. 1 (Mol. 2)
and Mol. 1+ (Mol. 2+). To obtain a clear view, these com-
pounds are separated into three parts as shown in Fig. 3, in
which part A is the terminal group of these molecules, parts B
is the donor, and part C is acceptor. The charges of different
parts are given in Table 4. We can see that when Mol. 1 com-
bines with HOCl, QC is enlarged from −0.073e to −0.118e,
and for compound Mol. 2, QC is enlarged from −0.075e to
−0.119e. It is demonstrated that electron push–pull capabil-
ities of these molecules are increased when they react with
HOCl.

Mol. 1 Mol. 1+

Mol. 2 Mol. 2+

Fig. 3. (color online) Molecules are divided into A, B, and C parts.

Table 4. The Mulliken charge (e) of different parts of the molecules.

Mol QA/e QB/e QC/e

Mol. 1 0.855 0.218 −0.073
Mol. 1+ 0.877 0.241 −0.118
Mol. 2 −0.145 0.220 −0.075

Mol. 2+ −0.123 0.241 −0.119
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Mol. 1 Mol. 1+

Mol. 2 Mol. 2+

Fig. 4. (color online) The charge transfer between the excited state and the
ground state. The blue and green areas represent electron loss and gain,
respectively.

To figure out the electronic charge transfer of molecules
Mol. 1 (Mol. 2) and Mol. 1+ (Mol. 2+) intuitively, we show
the charge transfer between the ground state and the excited
state in Fig. 4 drawn by the Multiwfn.[24,25] This method has
been proved to be an available and useful way.[26] It is demon-
strated that the charge transfer process has a considerable vari-

ation after adding HOCl. Taking Mol. 1 as an example, we can
see that the blue and green areas show feature of overlapping
in general, which means that the charge transfer is not obvi-
ous. After reacting with HOCl, the blue areas and green areas
of Mol. 1+ show a clear separation, which indicates that an
obvious charge transfer takes place. We thus point out that
the responsive mechanism of the probes is attributed to the in-
tramolecular charge transfer (ICT) process.

We further discuss responsive mechanism of the probe
FHZ. According to the general characteristic of the probe,
one would predict that there probably exist electron transfer
between receptor and fluorophore as the compounds are ex-
cited. This process can be investigated by analysis of molecu-
lar orbital distribution diagram, which has been proved to be a
useful way.[27] Molecular orbitals can be classified in view of
fluorophore and receptor. Therefore, we pick out the orbitals
which mainly locate in the part of fluorophore and receptor
shown in the left and right column in Fig. 5.

FHZ

F-TEG

Flu

PET On

PET Off

Rec

Rec

LUMO

LUMO

LUMO

HOMO

HOMO

HOMO

Flu

HOMO

LUMO

-0.58 eV

-5.98 eV

-2.45 eV

-2.45 eV

-1.65 eV

-5.64 eV

-7.36 eV

-6.04 eV

-1.11 eV

Fig. 5. (color online) The PET (photo-induced electron transfer) process of molecules FHZ and F-TEG.
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The HOMO and LUMO energies of the fluorophore for
FHZ in Fig. 5 are respectively −5.98 eV and −0.58 eV,
while the energies of receptor are respectively −6.04 eV and
−1.11 eV. As shown in Fig. 5, the electron transfer from the
fluorescence group to the recognition group takes place be-
cause the LUMO of recognition group is lower than that of the
fluorescence group. As a result, the excited electron can not re-
turn to the ground state, leading to quenching of fluorescence.
However, when FHZ reacts with HOCl to be the product F-
TEG, as shown in Fig. 5, the LUMO energy of the fluorophore
sharply moves down to −2.45 eV while the LUMO energy
of the receptors lightly moves down to −1.65 eV. Therefore,
electron transfer process between the fluorophore and receptor
can not occur because the LUMO of the fluorophore is lower
than that of receptor. Thus, remarkable fluorescence can be
observed. The responsive mechanism of the probe is attributed
to photoinduced electron transfer (PET) process.

3.6. The solvent effect on FHZ and F-TEG

To investigate the influence of solvent on probe FHZ and
its product F-TEG, we calculate the OPA features of FHZ and
F-TEG in vacuum, benzene, acetone, methanol, water, which
are shown in Table 5. Only results of the excited states with
oscillator strengths δopa > 0.1 are displayed. The polarity of
benzene, acetone, methanol, and water are 3.0, 5.4, 6.6, and
10.2, respectively. As can be seen from Table 5, after reacting

with HOCl, the OPA peak of F-TEG appears redshift and the
oscillator strength gradually increases compared with FHZ in
all solvent.

Table 5. One-photon absorption properties (OPA) in vacuum, benzene,
acetone, MeOH, H2O including the excitation energy Eopa (eV), the cor-
responding wavelength λopa (nm), the oscillator strength δopa (a.u.), and
transition feature.

Solvent Mol. Eopa/eV λopa/nm δopa/a.u. Transition feature

Vacuum
FHZ 5.18 240 0.17 H-1→L+4 24.2%

F-TEG 3.61 344 0.25 H-2→L 81.7%

Benzene
FHZ 5.15 241 0.26 H-6→L 19.2%

H-3→L 19.2%
F-TEG 2.93 423 0.51 H→L 90.2%

Acetone
FHZ 5.28 235 0.25 H→L+4 33.0%

F-TEG 2.98 417 0.52 H→L 88.3%

MeOH
FHZ 5.29 235 0.37 H-2→L+2 32.4%

F-TEG 2.98 428 0.51 H→L 86.9%

H2O
FHZ 5.28 235 0.26 H→L+2 38.5%

H→L+1 31.8%
F-TEG 2.97 416 0.43 H→L 73.5%

TPA properties are further calculated as shown in Table 6.
One can see that the TPA cross sections of compounds FHZ
in vacuum, benzene, acetone, methanol, and water are 3 GM,
4 GM, 4 GM, 11 GM, and 49 GM, respectively. While react-
ing with HOCl, those are respectively 13 GM, 25 GM, 24 GM,
118 GM, and 659 GM in vacuum, benzene, acetone, methanol,
and water. With the increase of polarity of the solution, the
TPA cross section is enlarged gradually. As a consequence,
the probe is more suitable for using in water to detect HOCl.

Table 6. Two-photon absorption (TPA) properties in vacuum, benzene, acetone, MeOH, H2O, including the excitation energy Etpa (eV), the
corresponding two-photon wavelength λtpa (nm), and the TPA cross section σtpa (GM = 10−50 cm4·s/photon) around the wavelength as twice
times as one-photon excitation.

Solvent Mol. Etpa/eV λtpa/nm σtpa/GM Mol. Etpa/eV λtpa/nm σtpa/GM

Vacuum

FHZ 4.59 540 0 F-TEG 3.05 812 1
4.71 526 1 3.61 687 13
4.90 506 2 3.65 679 1
5.00 496 1 3.94 630 1
5.18 479 3 3.98 623 0

Benzene

FHZ 4.65 533 0 F-TEG 2.80 884 0
4.74 524 1 2.93 847 4
4.90 506 2 3.17 782 0
4.92 504 4 3.52 704 25
4.99 497 2 3.94 629 0

Acetone

FHZ 4.66 532 0 F-TEG 2.98 833 4
4.70 528 1 3.38 733 0
4.77 520 2 3.49 711 24
4.95 501 4 4.12 602 0
5.01 494 2 4.25 584 2

MeOH

FHZ 4.65 533 0 F-TEG 2.97 836 9
4.80 517 2 2.98 832 0
4.88 509 0 3.40 730 3
4.94 502 11 3.49 711 48
5.05 492 6 4.11 604 118

H2O

FHZ 4.17 595 1 F-TEG 2.97 833 659
4.36 569 1 2.98 831 65
4.66 532 0 3.41 727 55
4.70 527 49 3.48 712 14
4.77 520 2 4.09 606 200
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Based on the fully optimized first excited state structures
of the compounds, emission properties of FHZ and F-TEG in
vacuum, benzene, acetone, methanol, water are shown in Ta-
ble 7. Computational emission intensity is changed remark-
ably in different solvent. One can see that in vacuum and

benzene, where their polarities are quite small, the product F-
TEGis non-fluorescent. As the increase of solvent polarity, the
emission oscillator strengths are enlarged, namely, F-TEG be-
comes fluorescent. As a conclusion, whether the probe can be
used or not is sensive to the solution environment.

Table 7. Fluorescent emission properties in vacuum, benzene, acetone, MeOH, H2O, including the emission energy Eflu (eV), the corre-
sponding emission wavelength λope (nm), the oscillator strength δope (a.u.), and fluorescent lifetime τ (ns).

Solvent Mol. Eflu/eV λope/nm δope/a.u. Transition feature τ/ns

Vacuum FHZ 0.59 2101 0.00 H→L 99.7%
F-TEG 1.95 637 0.00 H→L 99.5%

Benzene FHZ 0.77 1615 0.00 H→L 99.6%
F-TEG 2.10 589 0.00 H→L 97.6%

Acetone FHZ 0.97 1275 0.00 H→L 99.5%
F-TEG 2.31 537 0.51 H→L 95.7% 8.48

MeOH FHZ 0.98 1262 0.00 H→L 99.5%
F-TEG 2.31 536 0.53 H→L 96.0% 8.16

H2O FHZ 1.00 1241 0.00 H→L 99.5%
F-TEG 2.32 535 0.56 H→L 96.2% 7.66

4. Conclusion
In summary, three probes for sensing hypochlorous acid

synthesized by two experimental groups are investigated at the
same theoretical level, which provides opportunity for one to
compare their performance directy. The optical properties in-
cluding OPA, TPA, and emission properties of the probes and
their producs with hypochlorous acid are obtained. The probe
FHZ is demonstrated to have the best behavior. The respon-
sive mechanisms of the probes are analyzed, which are ICT for
Mol. 1 (Mol. 2) and PET for FHZ. Furthermore, it is shown
that solvent has an obvious effect on performance of the probe
FHZ, moreover, the probe is inapplicable in solvent with weak
polarity. This study provides a theoretical explanation of the
experimental results.
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