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Abstract: Dicyanoisophorone (DCI) and its amino-functionalized derivative dicyanoisophorone 

amine (DCI-NH₂) represent an important class of donor-π-acceptor  (D-π-A) chromophores with 

exceptional photophysical properties. Owing to strong intramolecular charge transfer (ICT), 

extended π-conjugation, and tunable electronic structures, these fluorophores exhibit red-shifted 

absorption, near-infrared (NIR) emission, large Stokes shifts, and pronounced solvatochromism. 

Such attributes have enabled their widespread use in chemical sensing, biological imaging, 

optoelectronics, and energy conversion technologies. This review systematically summarizes the 

structural features, synthetic accessibility, photophysical behavior, and multifunctional 

applications of DCI and DCI-NH₂ derivatives, with particular emphasis on solvatochromism, 

environment-sensitive fluorescence, and their roles as NIR probes for bioimaging and sensing. 
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I. INTRODUCTION 

Push-pull chromophores based on donor-π-acceptor  (D-π-A) architectures have attracted sustained attention 

due to their unique optical and electronic properties, including strong intramolecular charge transfer (ICT), 

bathochromic shifts, solvatochromism, and nonlinear optical (NLO) responses [1]. Among these systems, 

dicyanoisophorone (DCI) has emerged as a versatile scaffold for the development of small-molecule fluorophores, 

particularly those emitting in the visible to near-infrared (NIR) region [2,3]. The incorporation of strong electron-

withdrawing cyano groups and electron-donating substituents enables precise tuning of absorption and emission 

properties, rendering DCI derivatives highly attractive for applications in sensing, imaging, and optoelectronics. 

 

II. DICYANOISOPHORONE (DCI): STRUCTURE AND PHOTOPHYSICAL PROPERTIES 

Dicyanoisophorone (DCI), also referred to as dicyanomethyleneisophorone, is a classical D-π-Achromophore 

in which a dicyanomethylene acceptor is conjugated to a modified isophorone donor unit through an extended π-

system. This planar conjugated backbone facilitates efficient ICT and extensive π-electron delocalization, resulting in 

high molar extinction coefficients and red-shifted absorption maxima [2]. 

The strong electron-withdrawing nature of the cyano (-CN) groups stabilizes the lowest unoccupied molecular 

orbital (LUMO), while the electron-rich isophorone moiety raises the highest occupied molecular orbital (HOMO). 

This electronic configuration reduces the bandgap and enhances molecular polarizability, leading to intense 

fluorescence emission spanning the visible to NIR region [4,5]. 
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Figure 1.1 Structure of Dicyanoisophorone (DCI) 

 

III. SOLVATOCHROMISM AND INTRAMOLECULAR CHARGE TRANSFER 

One of the most notable characteristics of DCI derivatives is their pronounced solvatochromic behavior. Due 

to strong ICT, both absorption and emission spectra undergo significant red shifts with increasing solvent polarity. In 

polar environments, the excited state characterized by a higher dipole moment is preferentially stabilized through 

dipole-dipole interactions and dielectric effects, resulting in bathochromic shifts in fluorescence emission 

[4,6].Quantitative analysis using Lippert-Mataga plots has demonstrated that DCI-based chromophores can exhibit 

emission shifts exceeding 100 nm between nonpolar and polar solvents [1,3]. This high environmental sensitivity 

makes DCI derivatives powerful probes for polarity mapping in micelles, lipid bilayers, polymer matrices, and complex 

biological systems. 

 

IV. SYNTHETIC ACCESSIBILITY AND STRUCTURAL MODIFICATIONS 

A key advantage of DCI lies in its straightforward synthesis and structural versatility. Typically, DCI is 

synthesized via Knoevenagel condensation between isophorone (or its analogues) and malononitrile, yielding the 

dicyanomethylene intermediate [2]. Subsequent functionalization at the isophorone ring or along the conjugated arms 

allows the introduction of diverse donor or acceptor substituents.Such modifications have enabled the development of 

Schiff base, azo, hydrazone, arylated, and heterocycle-linked DCI derivatives, each tailored for specific photophysical 

or sensing applications. This modularity facilitates systematic structure-property relationship studies essential for 

rational probe design. 

 

V. APPLICATIONS OF DCI-BASED CHROMOPHORES 

5.1 Chemical and Biological Sensing:  

DCI derivatives have been extensively explored as fluorescent sensors for ions, small molecules, and reactive 

species. Changes in ICT efficiency upon analyte binding often result in fluorescence turn-on/off or ratiometric 

responses. Notably, DCI-based probes have been reported for the detection of anions (CN⁻ ⁻, F ), metal ions (Fe³⁺ , 

Cu²⁺ ), reactive oxygen species (ROS), and thiols[3,7,8]. 

 

5.2 Bioimaging 

The strong NIR emission, large Stokes shifts, and low background autofluorescence of DCI derivatives enable 

deep tissue penetration and high-contrast imaging. These features have been successfully exploited in live-cell imaging, 

zebrafish models, and in vivo studies [5,8,9]. 
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5.3 Optoelectronics and Energy Applications 

Beyond sensing, DCI derivatives have been incorporated into organic light-emitting diodes (OLEDs), dye-

sensitized solar cells (DSSCs), and organic photovoltaics (OPVs). Their broad absorption profiles and efficient charge 

transfer characteristics contribute to improved light-harvesting and power conversion efficiencies [5,10]. 

 
Figure 1.2 Multifunctional attributes of DCI-based probes 

 

VI. DICYANOISOPHORONE AMINE (DCI-NH₂): ENHANCED DONOR-Π-ACCEPTOR  SYSTEMS 

Dicyanoisophorone amine (DCI-NH₂) represents a prominent subclass of DCI derivatives in which an 

electron-donating amino group is introduced at the donor site. This modification significantly enhances ICT 

strength, solvatochromism, fluorescence quantum yield, and NIR emission [9,11]. 

 
Figure 1.3 Structure of Dicyanoisophorone Amine (DCI-NH�) 

The amino substituent increases electron density on the donor moiety, further narrowing the HOMO-LUMO 

gap and improving environmental sensitivity. Consequently, DCI-NH� derivatives are particularly suited for 

ratiometric and turn-on fluorescent probes. 

 

VII. SENSING AND BIOIMAGING APPLICATIONS OF DCI-NH₂ 

DCI-NH₂-based probes have been widely applied for the selective detection of biothiols, reactive 

sulfur/nitrogen species, metal ions, and gasotransmitters such as CO and H₂S [12–15]. Their NIR emission 

ensures minimal photodamage and deep tissue imaging capability. Recent studies have demonstrated DCI-NH₂-

based theranostic systems, including inflammatory-stimuli-responsive prodrugs capable of simultaneous 

imaging and drug delivery [16]. Structural modifications such as aldehyde, chloro, phosphinate, sulfonate, and 

chelating group incorporation have further improved selectivity, aqueous solubility, and biocompatibility [13–

15,17,18]. 
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Figure 1.4 Structural modification of the DCI-NH₂ scaffold for functional probe development 

 

VIII. CONCLUSIONS AND FUTURE PERSPECTIVES 

Dicyanoisophorone and its amino derivatives constitute a robust and versatile class of D-π-

Afluorophores with exceptional photophysical properties. Their strong ICT character, pronounced 

solvatochromism, NIR emission, and synthetic tunability have enabled broad applications across chemical 

sensing, bioimaging, optoelectronics, and energy conversion. Future research efforts focusing on improving 

water solubility, targeting specificity, and multimodal sensing capabilities are expected to further expand the 

utility of DCI and DCI-NH₂-based materials in interdisciplinary scientific and technological domains. 
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