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Abstract – A theoretical computational study has been 
carried out to study the interaction of hydroxy chalcone 
(COH) compound as chemosensors for CN- anion. This 
research is modeling the molecular structure of hydroxy 
chalcone (COH) compound and its interaction model with 
CN- using DFT method. The results of geometry 
optimization show an O-H bond lengthening of 0.7 Å with 
its interaction with the CN-. This indicates the formation of 
a strong hydrogen bond causing deprotonation of the 
hydroxy chalcone (COH) sensor by the CN-. The hydroxy 
chalcone (COH) sensor which is deprotonated has a large 
interaction energy that is -224.75 kJ/mol. Sensors that are 
deprotonated cause the HOMO-LUMO energy difference to 
decrease from -3.94 eV to -2.62eV. 

Keywords – chemosensor, hydroxy chalcone, cyanide, 
DFT 

I. INTRODUCTION 

Cyanide is an interesting anion because it is known 
to be highly reactive and and is toxic to biological 
systems and the environment [1]. In very small 
amounts, cyanide can cause disorders of blood vessels, 
heart, vision, endocrine enzymes, central nervous and 
metabolic processes [2]. Cyanide can also inhibit the use 
of oxygen in cells and interfere with the activity of 
oxidasisitochrome [3]. Cyanide can then be absorbed 
into the lungs, digestive tract and skin so that it can 
cause vomiting, seizures, loss of consciousness and even 
death [4]. Although toxic, cyanide is widely used in 
various processes and raw materials in synthetic fibers, 
synthetic resins, pesticides, medicines , fertilizer and 
gold and silver extraction processes [5]. According to 
the World Health Organization (WHO), the amount of 
cyanide allowed in drinking water is only 1.9 μM [6]. 

Various methods have been carried out to detect the 
presence of cyanide such as titration [7], 
chromatography [8], and electrochemistry [9]. But these 

methods have drawbacks such as requiring a lot of 
analysis time, expensive costs, and often less sensitive 
and selective. Therefore, in the last few years 
chemosensor have been developed to detect cyanide 
anions. Chemosensor has many advantages such as high 
sensitivity, simple, fast results, and can be analyzed 
from the change in color given by the sensor compound 
[10]. 

One of compound that is believed to be a potential 
sensor compound is the chalcone compound. 
Structurally, chalcone compounds have two aromatic 
rings connected by a double bond Cα=Cβ. Chalcone 
compounds can be modified by adding substitution 
groups and one of them is a hydroxy (OH) group. The 
existence of this hydroxy group is expected to be the 
center of activity that will interact with cyanide [11]. 
Interactions between hydroxy groups and cyanide are 
expected to form hydrogen bonds [12]. 

Studies using computational chemistry calculations 
can be used to examine the interaction of sensor 
compounds and anions. One of the advantages of 
computational chemistry is that it can visualize the 
structure of sensor compounds and their interactions 
with anions [13]. One of the computational chemistry 
calculation methods that can be used in predicting the 
interaction of sensor and anion compounds is the 
density functional theory (DFT) method [14]. 
Calculations using the DFT method can give good 
results for calculations involving interactions such as 
hydrogen bonds or van der Waals [15]. 

In this research, a computational study regarding the 
potential of hydroxy chalcone compound (COH) as a 
cyanide anion sensor (CN-) was conducted. The results 
of this theoretical study are expected to provide 
comprehensive information in assisting the synthesis of 
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sensors of hydroxy chalone (COH) derivative 
compounds in the Laboratory. 

II. METHODS AND MATERIALS 

A. Materials of Study 

The study materials used in this study were hydroxy 
chalcone (COH) compounds as sensor molecules and 
cyanide anion (CN-) as target molecules. The structure 
of chalcone derivatives as sensors and their interactions 
with anions is shown in Figure 1. 

B. Computational Calculations 

All calculations are performed using Gaussian 09 
software [16]. Prediction of the interaction model 
between the sensor compound (COH) and the cyanide 
anion (CN-) is done by optimizing the sensor complex 
geometry (COH)-CN- using the DFT 6-31G(d,p) 
method with the B3LYP density function. Next, the 
interaction energy of the sensor compound (COH) and 
CN- anion is calculated by the same method. The 
absorption and transition energy properties of the sensor 
(COH) and sensor ion (COH)- calculated using the TD-
B3LYP/6-31G(d,p) method. Observation of the effect of 
solvents on optical properties in the molecular system is 
carried out using DMSO and methanol solvents, 
calculated using a polarized continuous model (PCM) 
with the TD-DFT method [17]. Interaction energy 
(ΔEinteraction) is calculated from the difference between 
the sensor complex energy (COH)-CN- (ECOH---CN-) and 
total sensor energy (COH) and CN- anion [18]. 

 

 

 

Figure 1. Structure of hydroxy chalcone (COH) 

III. RESULTS AND DISCUSSION 

The mechanism of sensor interaction (COH) and 
CN-anions is analyzed by optimizing the geometry of 
the molecular complex (COH)-CN- using the density 
functional theory (DFT) method. Geometry 
optimization is done by making the phenol (OH) group 
as a binding subunity which is the active side and the 
center of the reaction. The results of the optimization of 
the sensor geometry (COH) and CN-anion are shown in 
Figure 1 and Table 1. 

 

 

Figure 2. Geometry optimization of sensor 
interaction (COH) and CN- anion 

The length of the O-H bond on the sensor molecule 
after geometry optimization is 0.97 Å. After interaction 
with the CN-anion, the O-H bond length became 1.67 Å. 
O-H elongation of 0.7 Å indicates a break in the O and 
H and the sensor is deprotonated [19]. Breaking the 
binding in the binding subunit sensor will cause the 
transfer of intermolecular protons (IPT) with H+ to be 
bound to the anion [20]. Deprotonation of sensor 
compounds by anions will give color changes when 
tested in the Laboratory [21]. In addition, optimization 
of the sensor molecular geometry (COH) and the CN-

anion results in a distance between O-H and CN- which 
is smaller than 3 Å and the formation of angles formed 
between O-H and CN- which is greater than 110 °. This 
shows the occurrence of hydrogen bonds between O-H 
as a binding sensor unit with CN- [22] [23]. 

Table 1. Geometry sensor parameter (COH) and 
cyanide anion (CN-) 

Molecule r(O-H) (Å) r(H---CN
-
) (Å) θ(O-H---CN

-
) (°) 

(COH) 0,97 - - 

(COH)---CN- 1,67 1,12 175,28 

 

Table 2. Interaction energy (COH) and cyanide 
anion (CN-) 

Molecule -ΔEinteraction (kJ/mol) 

(COH)---CN- 224,75 

 

The process of sensor deprotonation can also be 
analyzed from the sensor and anion interaction energy. 
If the sensor and anion interactions are strong to cause 
deprotonation, the sensor and anion interaction energy 
will be of great value. The interaction energy calculation 
results are shown in Table 2. Sensor interaction (COH) 
and CN- anion have a big interaction energy so that it 
supports the prediction result of geometry optimization 
that indicates the CN- anion causes the sensor to 
deprotonate. 
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Figure 3. The changes of HOMO-LUMO energy in 
sensor (COH) and ion sensor (COH)- 

Deprotonation that causes intramolecular charge 
transfer (ICT) in sensor interactions (COH) and CN- 
anion can be demonstrated by electronic transitions 
using Frontier Molecular Orbitals (FMOs) analysis and 
changes in HOMO-LUMO energy. The electronic 
transition from HOMO to LUMO causes changes in the 
spread of electrons in the sensor structure (COH). The 
FMOs form the sensor (COH) in a neutral state and the 
ion shaped sensor (COH)- after deprotonation is shown 
in Figure 3. The electron π on the sensor (COH) in the 
neutral state comes from the double bond C=C on the 
benzene ring and the enon group C=O . Whereas in the 
ion-shaped sensor (COH)- after the transfer of 
intramolecular ICT charges, electrons π also originate 
from the lone pair of oxygen atoms in the O-H group. 
Electron pairs on oxygen which are negatively charged 
(COH)- can enter the ring due to resonance with double 
bonds. In the FMOs image (COH), it appears that 
electron density in HOMO is only distributed to the 
bound group and the enon group. The existence of 
electron excitation from HOMO to LUMO causes the 
flow of electrons in LUMO which is spread to all parts 
of the sensor (COH). Electron flow in sensor ions 
(COH)- greater than in neutral conditions. Electron 
scattering to all parts of the ion (COH)- indicates the 
transfer of intramolecular charge (ICT) to the sensor 
(COH) and anion interactions. 

Changes in HOMO-LUMO energy in sensor (COH) 
and ions in the form of ions (COH)- which undergo 
intramolecular charge transfer (ICT) will also be related 
to the optical properties shown through the prediction of 
UV-Vis spectra. The prediction peak of UV-Vis spectra 
on the sensor ion (COH)- occurs at a larger wavelength. 
This proves that the small difference in HOMO-LUMO 
energy will cause UV-Vis adsorption to occur in larger 
wavelengths. In the electronic transition, prediction has 
been proven the difference in energy of the HOMO-
LUMO sensor at ion condition (COH)- smaller than in 
the sensor (COH) neutral conditions. Table 3 shows the 
results of absorption of the UV-Vis sensor (COH) and 
ion sensor (COH)- which were calculated using the 
PCM TD-B3LYP/6-31G(d, p) method in DMSO and 
methanol solvents. 

 

 

Table 3. Absorbed wavelength (λabs), oscillator 
strength (f) sensor (COH) and ion sensor (COH)-in 

DMSO and metanol solvents 

Solvent 
(COH) (COH)- 

λabs f λabs f 

DMSO 355,84 0,8253 436,52 0,9900 

Methanol 353,99 0,8177 433,38 0,9619 
 

IV. CONCLUSION 

Computational studies conducted in this study 
provide a description of hydroxy chalcone compound 
(COH) as a potential chemical sensor of cyanide anion 
(CN-). The results of the analysis of sensor interactions 
(COH) with anion CN- indicate the formation of strong 
hydrogen bonds that cause sensor deprotonation (COH). 

REFERENCES 

 [1] Li, Z., Dai, Y., Lu, Z., Pei, Y., Song, Y., Zhang, L., and Guo, H., 
2019, A Photoswitchable Triple Chemosensor for Cyanide Anion 
Based on Dicyanovinyl‐Functionalized Dithienylethene. Eur. J. Org. 

Chem., 2019: 3614-3621. 
 
[2] Yang, W., Cheng, Z., Xu, Y., Shao, J., Zhou, W., Xie, J., and Li, 
M., 2015, A HighSelectivity Fluorescent Chemosensor for Cyanide 
Anion Based on AChalcone Derivative in The Present of Iron (III) 
Ion, and its Capacity forLiving Cell Imaging in Mixed Aqueous 
System, New J. Chem., 39, 7488-7494. 
 
[3] Chen, H., Sun, Y., Zhou, C., Cao, D., Liu, Z., and Ma, L., 2013, 
Three HydroxyAurone Compounds as Chemosensors for Cyanide 
Anions, Spectrochim. Acta Part A Mol. Biomol. Spectrosc., 116, 389-
393. 
 
[4] Sun, X., Wang, Y., Deng, X., Zhang, J., and Zhang, Z., 2016, A 
Colorimetric andRatiometric Fluorescent Probe for Selective 
Detection of Cyanide Anionsin Aqueous Media and Living Cells, 
RSC Adv., 6, 10266-10271. 
 
[5] Mergu, N., Moon J. H., Kim, H., Heo, G., and Son, Y., 2018, 
Highly selective naphthalimide-benzothiazole hybrid-based 
colorimetric and turn on fluorescent chemosensor for cyanide and 
tryptophan detection in aqueous media,Sens. Actuators, B Chem., 
273, 143-152. 
 
[6] World Health Organization,2011, Guidelines for Drinking- Water 
Quality-Fourth Edition, Geneva, Switzerland. 
 
[7] Breuer, P.L., Sutcliffe, C.A.,and Meakin, R.L.,Cyanide 
measurement by silver nitrate titration: Comparison of rhodanine and 
potentiometric end-points,Hydrometallurgy,106, 2011, 135-140. 
 
[8] Jaszczak, E., Ruman, M., Narkowicz, S., Namieśnik, J., and 
Polkowska, Z., 2017, Development of an Analytical Protocol for 
Determination of Cyanide in Human Biological Samples Based on 
Application of Ion Chromatography with Pulsed Amperometric 
Detection, J. Anal. Methods. Chem., 2017, 1-7. 
 
[9] Shamsipur, M., Karimi, Z., and Tabrizi, M. A., 2017, A novel 
electrochemical cyanide sensor using gold nanoparticles decorated 
carbon ceramic electrode, Microchem. J.,133, 485-489. 
 
[10] Haldar, U., Sharma, R., Kim, E., and Lee, H., 2019, 
Azobenzene–Hemicyanine Conjugated Polymeric Chemosensor for 
the Rapid and Selective Detection of Cyanide in Pure Aqueous 
Media, J. Polym. Sci. Part A: Polym. Chem., doi:10.1002/pola.29463. 
 

PROCEEDING 

CelSciTech-UMRI 2019 

Vol 4-Sep2019 

ISSN: 2541-3023 

LP2M-UMRI Sci -  41



[11] Li, Q., Wang, Z., Xu, J., Yuea, Y., and Shao, S., 2014, 
Recognition and sensing of AcO− and F− using a calix[4]pyrrole-
derived hydrazone: a potential molecular keypad lock, RSC Adv.,4, 
34470–34473. 
 
[12] Ponnuvel, K., Santhiya, K., And Padmin, V., 2016, Curcumin 
based chemosensor for selective detection of fluoride and cyanide 
anions in aqueous media, Photochem. Photobiol. Sci.,5, 1536-1543. 
 
[13] Jin R. and Zhang J., 2009, Theoretical Investigation of 
Chemosensor for Fluoride Anion Based on Amidophthalimide 
Derivatives, Theor. Chem. Acc., 124(3), 225-234. 
 
[14] Bejoymohandas, K. S., Kumar, A., Sreenadh, S., Varathan, E., 
Varughese, S., Subramanian, V., and Reddy, M. L. P., 2016, A 
Highly Selective Chemosensor for Cyanide Derived from a Formyl-
Functionalized Phosphorescent Iridium(III) Complex, Inorg. Chem., 
55(7), 3448-3461 
 
[15] Zhang Y, Scanlon L. G., and Balbuena P. B., 2007, Hydrogen 
Adsorption in Corannulene-Based Materials, Theo. Comput. Chem., 
18, 127-166. 
 
[16] Frisch MJ, Trucks GW, Schlegel HB, Scuseria GE, Robb MA, 
Cheeseman JR, Scalmani G, Barone V, Mennucci B, Petersson GA, 
Nakatsuji H, Caricato M, Li X, Hratchian HP, Izmaylov AF, Bloino 
J, Zheng G, Sonnenberg JL, Hada M, Ehara M, Toyota K, Fukuda R, 
Hasegawa J, Ishida M, Nakajima T, Honda Y, Kitao O, Nakai H, 
Vreven T, Montgomery Jr JA, Peralta JE, Ogliaro F, Bearpark M, 
Heyd JJ, Brothers E, Kudin KN, Staroverov VN, Kobayashi R, 
Normand J, Raghavachari K, Rendell A, Burant JC, Iyengar S S, 
Tomasi J, Cossi M, Rega N, Millam JM, Klene M, Knox JE, Cross 
JB, Bakken V, Adamo C, Jaramillo J, Gomperts R, Stratmann RE, 
Yazyev O, Austin AJ, Cammi R, Pomelli C, Ochterski JW, Martin 
RL, Morokuma K, Zakrzewski VG, Voth GA, Salvador P, 
Dannenberg JJ, Dapprich S, Daniels AD, Farkas Ö, Foresman JB, 

Ortiz JV, Cioslowski J, Fox D J., 2009, Gaussian 09, Revision A.02, 
Gaussian, Inc., Wallingford CT. 
 
[17] Cornard J. P, and Lapouge C., 2006, Absorption Spectra of 
Caffeic Acid, Caffeate and Their 1:1 Complex with Al(III): Density 
Functional Theory and Time-Dependent Density Functional Theory 
Investigations, J. Phys. Chem. A., 110; 7159–7166. 
 
[18] Reisi-Vanani A, and Alihoseini L., 2014, Computational 
Investigation of The Adsorption of Molecular Hydrogen on The 
Nitrogen-Doped Corannulene as A Carbon Nano-Structure, Surf. Sci., 
621; 146-151. 
 
[19] Jin R., 2012, Theoretical Study of Chemosensor for Fluoride 
Anion and Optical Properties of The Derivatives of 
Diketopyrrolopyrrole, Theor. Chem. Acc., 131; 1–10. 
 
[20] Jin R., 2011, Theoretical Study of Thiazole Derivatives as 
Chemosensors for Fluoride Anion, J. Fluor. Chem., 132; 907–914. 
 
[21] Fitriana, A. S., Pranowo, H. D., and Purwono, B., 2015, 
Chalcone Based Colorimetric Sensor for Anions: Experimental and 
TD-DFT Study, Indones. J. Chem., 16(1), 80 - 86 
 
[22] Steiner T, and Desiraju GR., 1998, Distinction Between The 
Weak Hydrogen Bond and The Van der Waals Interaction, Chem. 
Commun., 8; 891-892. 
 
[23] Steiner T., 2002, The Hydrogen Bond in The Solid State, Angew. 
Chem. Int. Ed., 41; 48-76. 

 
onferenceg and formatting conference papers. 
Please ensure that all template text is removed 
from your conference paper prior to submission 
to the conference. Failure to remove template 
text from your paper may result in your paper 
not being published.

 

PROCEEDING 

CelSciTech-UMRI 2019 

Vol 4-Sep2019 

ISSN: 2541-3023 

LP2M-UMRI Sci -  42




